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ABSTRACT

The scheduling of projects ig a vital function for thase in
the construction industry. Any scheduling strategy that
provides a means for reducing project costs i2 of interest
to a contractor. Performing coet optimization acheduling
can provide contractora with this valuable management
informatian. Utilizing the abiiities of +the computer
enhancea the information proceas. The purpose of thie
master’s report is to present the concepts concerning cost
optimization acheduling and a computerized optimization

program that was developed.
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CHAPTER I
INTRODUCTION

Background

The construction industry experiences an extremely
high mortality rate. Every year more than 1000 firms fail
to stay in business. The industry, which accounts for nine
percent of the total number of buginess firms in the United
Statesg, accountg for more than 17 percent of all the
business failures. (10, p. 39) There are a number of
factors which contribute +to this alarming figure, but
certainly, "Almost all these causes of contractor failure
can be attributed to vafious shortcominge on the part of
management. " (1o, p.41) One management agpect that the
contractor hae to be attentive to im +the 8cheduling of
projects. Thisg wvital management function has caused the
development of many various scheduling techniques. One of
the most useful scheduling techniques for the past 30 years

has been the Critical Path Method (CPM). In the early

1960’ a, thia technique wasgs utilized for the development of

® procesa by which contractors could relate coste and
minimize them. Known by a variety of names, it will be

expregsed in this presentation by the term cost

optimization scheduling.
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Current Situation

Why should a contractor, whose very existence wmay
depend upon hov well he manages his project schedules,
diaregard the process of cost optimization scheduling? One
of the main reasana is that those in the industry have had
to perforﬁ the process manually. As one suthor put 1it,
"This 4is a calculation not suitable for the manual wmode."
(9, p. 221) In 1984, this same author writes that the most

gignificant barrier to usage of this approach is the lack

of a computer program for a currently viable computer. He
continues by stating that, "only one computer program has
been available for the calculation. That one, by James E.

Kelly, Jr., for the GE 225 computer, is nowv obsolete." (9,

p.220)

The purpose of this Master’s Report is ta present the
concepta concerning coast optimization scheduling and to
provide the consastruction industry with a solution to the
softvare dilemma. Given the previouas information, it 1=
clear that there exigtae the need for the develapment of
computer goftware vwith regards to the cost optimization
process. While nev programs may have come into existence
since 1984, they are by no meana common to the industry.
This report attempts to £fill thie need with the development
of a computerized cost optimization echeduling program
called Crash. This aoftware program has already been

incorporated faor use into one courmse of inatruction at the
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N University of Florida. It i8 being utilized in the Civil
O
! . _ Engineering course, ECI 5147 Construction Planning and
- R Scheduling. It was written in the Basic computer language
n
1Y
~: ' and then compiled to enhance its operating speed.
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CHAPTER 1I1I
PROJECT EXPEDITING

Contractor Concerns

——— ——— —— —— — ——— ——— v —

"In construction planning, the objective function is
minimum cost for a specified project time." (2, p.85)
Inherent 1in that statement is the reality that most
congtruction contractors face. In bidding for a jJjob, a
congtruction contractor  is presented with =&a required
praject completion time frame and must attempt to plan hie
vork minimizing the cost of doing eo. I1f he is succegsful
in getting the job, then he has the opportunity to put his
plan into affect. If he keepe hia casts ta the abeolute
minimumg and completea the project on time or sooner, then
he 1is2 sure to receive the greatest profits possible from
the job. Howvever, since in his plan the consastruction
contractor has made aasumptions about many factors
including the wveather, labor availability, maintenance of
equipment, etc., his plan muast be subject to posasible
alterations. Quite often the contractor will be faced wvwith
being behind in his achedule. Therefore, he faces the
posaibilities of damages for not meeting the apecified
caompletion date. ¥hether the contractor experiencee +the

situation of the plan going emoothly or not, his ability to
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utilize the concept of expediting a project is important to

his profitability. In the next two paragraphs, project
expediting as a function of the contractor’s concern for
profitability will be addressed.

Greatest Profits

"In contracting the area vhere profits must be made is
the area between the estimated direct cost of doing a Jjob
and the amount bid for the jaob." (1Q, p.11) Given that any
contractor wighees to maximize his profits, he simply needs
to aomehow enlarge the area between the direct costs
incurred from the job and the amount he bid for the Jjob.
The problem the contractor caonfronts in attempting to do eo
ig the multitude of factore which affect this area. These
include his competition, amount of markup, and direct cast
estimate. It 18 clear that if a particular contractor’s
eatimate of direct costs are significantly lower than his

competitors, then he not only stande an excellent chance of

getting the Jjob, but also should receive a significant

profit. However, the previous quote wvwag not entirely
correct. There 18 a circumastance for increasing direct
costs in an effort to maximize profits. Given that wmany

cantracts include bonuses for early completion, 1t |is
posgible that a greater profit can be achieved by
increasing direct caostae in order to reduce project time.
It may be that even the requirement of bonuses need not be

preaent for an increasge in direct coste to lead to greater

profite. How can that be?
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Increased direct costa due to crash action may result
in eaving time, thereby increasing capital turnover,
and paeeibly decreasing total costsa as well, if +the
cost of the crash action ie less than the incidence of
indirect costas for the time saved. (4, p.145)
Therefore, the quote stating where profite come from should
have described it ag the difference betwveen the amount bid
and total costs. If total coste are reduced to a minimum,
the contractor should realize his greatest profite.
Project expediting is one technique that the contractor
ghould have in his repetoire. It may prove profitable.
Time Reduction Need
Beyond the concept of greatest profit, there is also
the need for project expediting due to a nqmber of various
contractor concerns. The need to reduce project time could
be noted from the outset of construction or later on if the
project is already under vay. The contractor may desire to
achieve completion hy a certain date to avoid undesirable
weather, gpring run-off, or to free men and equipment for
other work. Work may have to be completed in a prescribed
fiscal period. The job may be under way and activities=s wmay
have experienced delays, resulting in lost time that has to
be recovered. For these and other reasons, the contractor
occagsionally finds himself faced with the =situation of
needing to reduce the remaining time ¢to complete the

project. He must expedite the project in order to meet hie

own imposed time limitation. (3, p.124)
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Approaches to Earlier Project Completion

n A contractor has two basic approaches to expediting a
job, the first of which 18 +to reanalyze the project

:f schedule’s network to see if there i a more efficient wvay

of organizing the activities. Given that the estimator’s
- calculations were accurate and the project schedule’s

network of activitiea cannot be improved upon, the only
— bther approach for the contractor to utilize ig to decrease
- the duration of the project’s critical activities. Both of
) these 8approaches will be discuseed in the following
- paragraphs.

- —— ——— e e ———

When a reduction in project time i=s thought necessary,
- and before incurring the extra direct costa of expediting,
the contractor should reexamine the critical path and the
activities that make it up. The intent of thie is to take
advantage of any factore previously overlooked that will
reault 1in greater time efficiency without increaeing the
direct costs. While this operation may prove to be futile,
it 1is definitely worth investigating. The following

paragraphs will highlight four stepe which may be used to

.‘,.-,’ -

revamp the project network 20 as to shorten the job without

.

ey increaasing direct cosats.

Review Eatimates

In reexamining the project network’s critical
- activities, the very first step that should be taken

!; ig ta review all the activity duration estimates.

- - (Ui s a4 v o _*_°o o wmmay g 2 7 & o 2R
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Errore could have been made. For that reason, it is
worthwhile to verify the original estimates. Another
agpect to consider is the disparity between activity
durations estimated by different people. Depending on
the behavioral characteristics of the estimator, the
activity durations may be generally optimistic or
peaaimistic. Once the pattern of bias haas been
established, allowances to compensate for it can be
applied. Reviewving the estimates for activity
durations 418 an obvious approach to searching for a
shorter project duration. However, it should be noted
that any changes made in the original estimateas must
be for bona fide reasons. (5, p.129)

Following the check for accuracy of activity
durations, an examination for critical activitiee that
could be done in parallel rather than in series should
be performed. Thie next step explores the possibility
that two or more activitiems could be accoanplished in a
gimultanecus wmanner. It may be that the reason
againat s8such a poegsibility is due to a labor or
equipment conatraint. If a contractor could
subcontract one of these activitiea at no increasse in
direct costs, then it would be quite poseible to
perform these critical activities in parallel. (s,

p. 129-130)
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Subdivide Critical Activities

The third check that should be made of each
critical activity is to determine if that activity
must actually be completely finished prior to the next
critical activity commencing. It is conceivable that
a critical activity could be subdivided and a portion
of it be done in parallel with another. (5, p. 130)
This one fact points out the major advantage of the
Advanced Precedence Diagram method of CPM that will
be discussed later.

Change Logic

The most drastic step to reduce project duration
without increasing direct costs is the reworking of
the logic for a portion of the project. Thia is the
fregah idea approach of innovative thinking for the
purpose of saving time. Estahlished procedures are
too often accepted ag the only way to get a job done.
Inquiring minde who believe that there may be a better
way could produce excellent new approaches to the job.
In effect, all sorts of tasks and constraints could be
eliminated and replaced by tasks no more costly . but
quicker to complete. (S, p.132)

Decrease the Duration of Critical Tasks

- —— o —— —————— ——— ——— —— o ——— —— —— —————

If the reexamination of the project’s network ae

digscussed in the previous paragraphs does not reduce the

critical path’as duration, then the contractor has to

literally "buy time". He does so by expediting critical
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activities through the process of increaging the direct
costg incurred to perform the tasks while decreasing their
duratian. There are a number of methode that a contractor
can employ when faced with having to utilize thies approach
of project expediting. They are listed as followve:

1. Increase the number of work hours/day (overtime).

2. Utilize multiple shifte (premium night wagesa).

3. Bring larger and/or more equipment on the job.

" 4, Put more workers on the job.
S. Use more costly but quicker installed materials.
(12, p.299-300)

Each one o0f these methoda will have the impact of
increasing the direct costs of completing the project.
But, ag mentioned before, if the effect is a reduction in

total costs, then the contractor can expect greater

profits.

—— v B e e i —— e —— —— e e

The various methode that can be employed to reduce
durations of critical activities 1a wvital for the
contractor to understand. Along with the method(=2) chosen
is the strategic employment of the expediting procedure.
The question that the contractor must anawer ig2 which oane
or more of the critical tasks should be identified for
expediting, vhich is2 also known as caompression. There are
many alternative approacheeg that the contractor can choose
from as his atrategic plan for shortening critical
activities. Ultimately, every aone of them, ag deacriﬁed
below, will shorten the project’s overall duration and,
therefore, are valid ag expediting strategies for a

contractor’s use.
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Alternatives

The alternative strategies from which a contractor can
choase wvhich critical activities to identify for

compreseion are listed and explained as follows:

1, Early activities: This gives the contractor more
flexibility lster on in the project.

2. Longeat tasks: Generally, you can only squeeze so
much out of any task. Therefore, the greateast time
reduction often comeas from the longest task.

3. Eagsieat tasgkae: Look for tasks that have been done

before and there are fewer unknovns.

4. Thoase tasks for which more resourcee are available:
It may be easier to find more plumbers than
electricians.

S. Thoee taska that your organization controls:
Usually it 1is easier to control work done within
your own organization.

6. Those taske that cost the least to sgpeed up:
Generally, the most common alternative selected,
bhecauge all contractors are concerned about cost.

(3, p.80-81)

Qther considerations

There are yet more factors which may influence =a
contractor in determining which critical activities to
expedite. Two 8uch factors that will be addressed are
seagonal considerations and the desire to free resources.
If the project schedule calls for concrete and masonry work
to be performed 1in a predicted time frame of freezing
veather, it may prove to be economically advantageoue to
perform preparatory tasks on a multiple-ghift basisg during
the preceding wvarmer weather so that those activities, too,
can be accaomplished in the wvarmer temperature. Depending
un the local climate, seasonal considerations are of great
importance +to the contractor. A contractor may also wish

to expedite certain activities in order to free committed

11
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resgsources. By shortening the commitmentas on one project,

the contractor can make available those resources for

-~

another Jjob. Given these consideratione and the previcus
alternatives from which a contractor must choose his
strategy for expediting a project, it is understandable why
contracting is such a tough businesas. There are a lot of
variables involved. (12, p.298)

Least Coast Approach to Compression

- Ag described earlier, the most often used alternative
strategy for gelecting tasks to be expedited ie to choose
those tasks vhich increase direct coste the least. This is
often referred to ag the least-caost approach to
compregsion. It i8 the preferred approach largely because
it does deal in terms of cost. A contractor can easily
comprehend why he would want to comprese the activities
which would cost him the least. Procedurally, whiie it ias
manually an arducuse task, he can make the caelculationes to

identify those tasks which insure the least cost. It i=s

", .l...

this approach that will serve as the basgis for all further
diascussion cancerning project expediting in thie report.
One major aessumption is made wvhen wutilizing this
approach for compressing activities. It is assumed that
unlimited resocurces are available for any requirements made

by the compression of activities. In the United States, it

. ie an assumption that ig easy to digest. If the contractor -
; needa to obtain some piece of equipment, laborers, or d
-
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materials, there 18 probably some price he can pay that

. would ineure him the resaurce. Whether or not it would
" serve him advantageously would have to be seen. There are
ES several questiong the cantractor would have to ask

himgelf. Does the decrease in project time and indirect

B ‘.’J

. e

coata offset the increasge in direct costsgs? Are there other

. activities that can be compreassed less expensgively?
- However, the asgssumption +that unlimited resources are
:Z available can he made. (8, p.183)
2
Shortening Limitations
i‘ The leaat-cost approach to compression of the project
. cannot reduce project +time down to zero. There are a
w2 number of restrictions that apply to the process of
- reducing the critical path. Thege 1limitations are
summarized as follows:
H 1. Crash 1limit of individual activity: There i8 a
< limit to which any activity can be shortened if at
all.
i 2. Shortening 1l1limited by float: Sometimes shortening
~ one activity will reduce the float time of other
activities causing another chain of activities +to
= become critical and prevent further expediting.
Q. 3. Shortening 1limited by parallel critical pathe: 1If
) one length of a parallel critical path 1is8 to be
. decreased, a commensurate decrease in the other
5 length muet be wmade. If it cannot the project
. duration is not reduced.
4. Shortening limited by crashed critical patha: When
-, all of the activities of any critical path have
w, been shartened to their full capacity, no further
' reduction in project time is possible. (S, p.142)
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CHAPTER III
TIME-COST TRADE-QOFFS

Overviev of the Concept

The old phrase, "time is money", recognizes the close
relationship between time and cost. A major advantage of
scheduling a project utilizing CPM is the ability to find a
specific relationship betwveen time and cost for the
project. It 1is that relationship which is the key to
determining the optimum schedule, defined as the sgachedule
or project duration that minimizes total cost. Total coat
i broken dovwn into direct and indirect coests and will Dbe
defined later in this chapter. The trade-offs are directed
tovards the task of determining the proper mix of the ¢two
forme of cogt in order to produce the minimum sum. As was
noted before, many in the conastruction industry assume that
the best performance time for an activity is the one that
minimizes direct cost. This time is usually longer than
the minimum time required to carry out the activity. The
strategic planners that understand this relationship and
utilize the time-cost trade-offe to their advantage, while
incurring greater direct costs, will minimfze total costs.

This chapter will focue on thie concept by defining the
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termg and assumptions that are invaolved in the process of
determining coest optimization scheduling.

Before the discugsion of project time optimization can
proceed further, it is necessary to understand the various
factorse related to the trade-offs of time and cost. The
development of the entire CPM time-cost trade-off procedure
is based on a number of gpecial termg that will be defined
in the next few paragraphs.

Direct Costs

The praject’s direct cost is the sum of the individual
activities’ direct costs. The direct cost of an activity
ie the sum of expenases of labor, equipment, materials, and
subcontractas that are directly associated with the physical
completion of the activity. In order to understand the
time-cost relationship as it relates to direct costs, there
are different terms and factors that need to be explained.

Normal Time/Cost

Each activity haes a8 normal cost and a normal
completion time. The normal cost is equal to the
absolute minimum direct coet required to complete the
activity. The normsl time 18 the shortest time
required to perform the activity under the minimum

direct cost canstraint. Performing the activity in a

longer duration 18 considered an unnecegsary ‘“drag-

out™". Likewige, it makee sense that for an activity

to be accomplished in less time than the minimum time

15
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(or normal time), it would require additional coste

above the normal cost.

i dddad

- Crash Time/Cost

vﬁ
St
s
o

e The crash time iz the minimum or fully expedited
activity duration time that is possible. The crash
cogt is assumed to be the minimum direct cost required
to achieve this crash duration. Any costs incurred
attempting to expedite +the activity further i=
o- congidered to be "unnecessary crash caosta". The

crasgh cogt is greater than the normal cost, while the
Y related time isgs less than the normal time.

Time-Cost Slope

The differences between cagte and timee for the
crash &nd normal points represents the area in which
the scheduler of the project can make trade-offs. In

figure 3-1, an example of an activity’s time-cost

trade-off curve is depicted. As shovn, the actual
time-coet relationsghip is aasumed to be convex. This
N ig due to the real vorld sgituation that to compress an

activity’s duration at the least cost, it takes

additionsl dollars the more it 1is reduced. For
example, to reduce a particular activity only cne day,
it may require one additional worker, but to reduce it
tvo days may require six additional workers over the

normal crewv =gize. While there are complex compresgsion

e h  a B N e e S . R -

procedures that better approximate this actual curve,

they are more time consuming even with the use of the
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computer and are gtill subject to an estimator’s

error. In practice, a simpler procedure of
approximating thig curve 1is taken. A linear
relationship ie assumed to be an adequate

approximation of the actual curve. (8, p.186) Thus,
the time-cogst trade-off is represented by a straight
line connecting the normal and crash points. The
equation that represents thie additional cost incurred
in reducing the activity’s duration one time unit
below the normal time (or glope of the line) is:
(Crash Cost - Normal Cost)
Time-Cogt Slope = -----------------rm-----o--

(Normal Time - Crash Time)

(7, p.131)
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' Indirect Costs
' Indirect costs are those costs that cannot be
' aggociated directly with any one activity of a project.
«
% Total indirect cost can be broken down into two broad
- categoriea: general overhead and Jjob overhead. Job
:: overhead includeg itemas that are affected by project
& duration and is the portion of indirect cost with which
~ the planner can manage time-cost trade-offe. The next
E? paragraphas will describe wvhat makes up these tvwo categories
' of indirect cost and how project time affects the indirect
| cost. (6, p.202-203)
General Overhead
,
< General overhead is the cost of doing business.
i Included in thies category is the salary of the
company’s president, the cost of the telephone,
N heating and lighting in the central office, the cost
. of supporting the accounting office, etc. It is the
:f summation of all the costs that would be incurred even
R if there was no vork or jobs to be done by the
- buesiness. It, therefore, hag no relationghip with the
;& time to do a project.
’ Job Overhead
E; Thia category of indirect costs account for those
. costa that apply to a particular project but cannot be
{: identified with any particular activity in the Job.
,; There are a variety of typee of job oaverheads. One
g type ie the indirect cost incurred because of
X
‘ 19
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incidentals. This includes coegts that are a result of
such things ae building haul roads, aor putting up
fences, or any other activity which is used through
the life of the project but is not a part of the wvork.
These ocverhead costa do not wvary with project
duration. Another part of the job overhead category
includes those praoject costs which are affected by the
duration of the project. Included in this group are
the costs of operation of a site office, supervision
of the job, finance charges, damage charges for late
completion, bonuges2 for early completion, etc.

Time Relationship

As described in the prévious paragraphs, not all
indirect costs are related to the life span of a
project. The nature of most job related overheads
that do vary with time, howvever, iz the longer the
project goes on, the greater the indirect costs
became. In general, thig 1increase tends to wvary
linearly. Likewige, reducing the project duration
will decrease indirect costs. Thig will enable the
time-coast trade-off to be of benefit to the scheduler.
By combining all the various indirect costs together,
one can easentially apread the cost of the project
overhead throughout the life of the project at a fixed
amount per unit of time. Therefore, the scheduler can

calculate exactly how much will bhe saved in indirect

20
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expenges with any amount of reduction i1in project
. duration.
S .
Cost Optimization
ﬁ: Coat optimization scheduling ie gimply scheduling the
- project in order to incur the minimum sum of direct and
- indirect costs. By utilizing the leest cost method of
S reducing project time, the firet activities to be
o
compreased are chosen becausge they increage direct costs
~ the least. Therefore, ag project time continues to be
reduced, the direct coste of activities to be compressed
[‘ are gtesdily increasing. The regult is2 a project direct
cogt curve that increases as project time is reduced. At
some point, this increase in direct costs ig greater than
." the linear decreage in indirect caste. It is, therefore,
- \
cne time unit prior to thias occurrence that produces the X
:Q praject’s optimum ccet schedule. The duration produced ie
'
- the project time most economically efficient for the user.
T~ In addition to this information, the scheduler also has
knovledge of the total cost combinations for other
durationsas. I1f he i=s, for some reason, unable to meet the
;: optimum duration, he can determine the best economicsal
golution available to him. Figure 3-2 ie a graphic example
‘. ’
f- of an optimum cost schedule. As noted on the graph, the
. praoject’ae optimum duration is 16 days at a total cost of .
\‘l
o 81950. No other project duration can produce a leseer
~, cost.
b :
.I
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CHAPTER IV
PROCEDURAL METHQODS OF COST OPTIMIZATION

Manual Methods

There have been procedural techniques proposed for the
determination of the project direct cost curve gince early
in the development of critical path methods. A method for
finding an optimal feasible schedule using the primal-dusl
algorithm for solving linear programs was published in
1961. Other methodes utilizing approaches of network flow
computationsg and integer programming were also adapted to
solve the problem. All of these methods involved
congiderable calculation &and the use of the digital
computer. Fraom the étandpoint of the practicing
congtruction manager, none of these methods were suitable.
A procedure that could be performed easily with hand
calculations vae needed. In hie 1961 and 1964
publications, John W. Fondahl approached the solution for
these direct coast curves in a aystematic ordering of hand
calculated steps that was designed for the construction
manager. (5, p.208) The guidelines far hie procedure are
gtill the norm for today, becaugse while the microcomputer
ia now very common, very few goftware packages include a

computerized solution for thig need. Ag vith many new

23




T RN WY R - R SR TR S— T -—ee -, e

¥ ¥ ¥ ¥ wTw

TYTTW W W

—

developments, Fondahl'’s procedure as originally printed, is
not easily understood without his own tabular support
documents. For that reason, hig procedure will not be
quoted step-by-atep, but other manual proceduresg that are
more general restatemente of hies procedure will be
highlighted in the following paragraphs.

Procedure Number One

At the end of the last chapter, a total time-cost
curve wag illustrated. Graphically, it wvas eagy to
understand which project duration provided the optimum cost
gchedule. The following s8tep-by-step manual procedure
summarizesg the development of this curve from which the
optimum project duration is determined:

1. Draw the arrow (or precedence) diagram in the usual
manner.

2. Instead of a single estimate of duration, prepare
tvo time estimates as follows:

a. The normal duration: the time it would take to
do the operation in the least expengive
manner.

b. The crash duration: the sghortest time in which
the operation could possibly be finieghed,
regardlega of cost.

3. Estimate the coet of each of these alternatives.

4. Compute and tabulate the coet &slope af each
operation from the following formula:
Craah Cost - Normal Cost
Cost Slope = ------c---rm e m e m - -
Normal Duration - Crash Duration
S. Perform the CPM computations, uging the normal

durationa to determine the normal project duration.
6. Add wup the normal costs of all the operations to
determine the normal coet of the project. The
factorg determine the normal point an the project
time-cost curve.
7. To £find the e8hape of the project cost curve,

shorten the critical operations, one by o©ne,
beginning with the operation(g) having the lowvest
coat glope(s). Each operation is shortened until
either:

a. Its crash time is reached, or

24
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:3 b. A new critical path is formed.

8. When &8 new critical path ia formed, ghorten the

combination of operations having the lovest

E combined cost slope. Where several parallel pathse

exist, it is necessary to shorten simultaneously
along each of them if the overall project time is
to be reduced.

At each atep, check to gee if float time has been
introduced in any of the operations previously

P

av e s Ta e whmmmmm ¥ Y A L N RS L

¢
V1)

ot shortened. If so, perhaps these operations can be
! ?' expanded to reduce cosats.

- 10. At each sghortening cycle, compute the nev praoject
. cost and duration. Plot these points on a time-
. e cogt graph.

= 11. Continue until no further shortening is possible.

This i2 the crash point.
- 12, Compute the indirect project costs and plot them on
S the same time-cost graph.

13. Add the direct and indirect costs tao <find the

. total project cogt at each duration.
r.. 14, Use the total cost curve to find the optimum time
! (completion at lowvest coat) or the cost of any

other desired schedule.
. (7, p.131-132)

' Thie procedure utilizes more graphical terms in

explaining the expediting process. When using the term

~ diagram, it refers to the CPM network which utilizes the
] activity on the arrow technique to reflect the project
- schedule. Ag vwill be explained in the next chapter, this

ie an outdated technique but still used +today by more

schedulers than any other. Thies is evident by the fact
that this procedure vas published in 1986. The process a=s
explained only calculates the direct cast curve. However,

one can utilize the last three =stepa of the previous
procedure to calculate the optimum cost achedule. The

procedure 18 as follows:
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N 1. Draw the CPM Diagram

Shaow the number of days that each tasgk can be
. crashed, the cost per day to crash each crashable
'~ task, and the total float of each task.

2. Draw Sections

~ The sectionz must pass vertically through the
Q: diagram. A section can pass through any task
o except those that are critical but noncrashable.

As the expediting process is continued, additional

. taskg will become critical, and the remaining
’ crashability of some tasks will be reduced as a
result of the expediting process.

Find the Leagt-Cost Section

The least-cost section is the one in which the sum
of the crash costae for the critical tasks that it
passed through is the lovest.

4, Cragh All ¢the Critical Tasks aon the Leagt-Cost

RN AP AR, ]
.
; s

W

LIRS

LA

i Section
E The number of days these taeks can be <«<rashed
DR will be the least of:

f‘ 1. The remaining crashability of any criticsal

task through which the esection passes.
2. The total float of any noncritical task
through which the section passes.

5. Reduce the Crashability of Craghed Tasks
Pogt the diagram with the remaining crashability of
all crashed critical tasks.

6. Reduce the Total Float of Noncritical Tasks Cut by
Section
Reduce the total float of any noncritical task
through which the sectiaon pasassged if that
noncritical +task 12 concurrent with all crashed
critical tasks.

7. Reduce the Total Float of Other Noncritical Tasks
Reduce the total float of any other noncritical
task in the network so that the lowvest total float
of any arrowv originating at a8 node is equal to the
lowest total float of any arrow terminating at the
node.

8. Repeat Process as Often as Poseible
Repeat steps 2 through 7 until the project duration
has been reduced to the desired value or until it
can be reduced no further.

X

(12, p.306-307)

Procedure Number Three

The followving procedure is +the one all new Army

Engineer 1lieutenants are presented with at the Engineer

Officer Basic Course. The procedure ig sgimplified and

requireg classroom superviegion in order to fully master it.
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Ag with the last procedure, the following procedure only
calculateg the direct cost curve. To obtain the optimum
by coat schedule, utilize the lagt three steps of the first
procedure. It is presented as followvws:

- 1. Determine the project’s normal duration and
= normal coet; identify thoge activities which are
critical; and mark the critical path(s).
2. Establish the time-coet s8lope for the critical
activities.
3. Decide which critical activity(ies) eshould be I
. reduced to effect a project reduction of one time
unit. If +there is8 only one critical ©path, then
select the activity with the least (smallest) time-
cost =slope. When multiple critical paths are
- present in the CPM network, all combinations of
] activities which make up the paths must be
compared, The technique of selecting the least
v combination of slopes becomes very complex as the
o number of paths and critical activities increase.
Once the selection is made, the activity(ies) 1is
reduced by one time unit, and a network update is
' done.
. 4. New critical paths are identified and marked on the
updated network. Steps 2 through 4 are repeated
Co until the desired duration is achieved or until all
o the activities on any one critical path are =et to
their crash time.

R

(11, p.35)

The computer age has certainly arrived. In 1984, it

vag estimated that 24% of the construction firme i1in the

f* United States vere usging computers for scheduling
applications. (1, p.4) In the past two yesrs, that figure

:ﬂ has most assuredly risen. Today, the microcomputer and
related software have become very affordable. Potentially,

it provides the contractor an excellent tooal for the

efficient handling of the vast amount of information that

ia part of hies business. The utilization of this tool with
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regarde to cost optimization scheduling can only gerve to
enhance the contractor’s decision making process. Such an
enhancement can be made by naoting Appendix A, wvhich is =a
ligting of a computerized cost optimization echeduling
program entitled Crash and written by thieg report’s author.
The cost optimization phase of Crash i1s addressed in great
detail in the next chapter. The following paragraphg will
focus on the general advantages and limitations of using
computer programeg for cost optimization scheduling.

A greater explanation of the capabilities provided by
computer programg in the area of =scheduling will be
detailed in Chapter V wvhen degscribing Crash. Haowever, two
general points of advantage that the computer provides
contractors ghould now be mentioned. All too often
contractors use two arguments to support claime that
efforte to make formal plans and schedulesz are a wagte of
time. One of the major arguments ig2 the belief that the
time and cost of preparing such plang and schedule=s
outweighse the benefitsg of its use. The other argument that
ia often mentioned is that given all the uncertain eventes
that characterize a construction project, the prepared plan
ia socon outdated. The use of the computerized scheduling
gystem can alleviate both of these concerns. The computer
makee preparation time a relative nonexis.ent factor for
cogt optimization =scheduling. Also, the computer can

update changee in plang rather effartlesaly. Even bhetter,
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the computer allows the contractor to perfaorm gensitivity
analysis experiments or "what 1if games" prior te the
occurrence of uncertainties. The computer is2 potentially
an outstanding tool that can aid the contractor to better
manage his project schedules. (1, p.213)

Program Limitations

Any computer program is based in part on a number of

agsumptions. A cost optimization scheduling program is no
exception. The @apecific asgsumptions incorporated into
Cragh will be addressed in Chapter V. For any program, if

the assumptione match the actual characteristics, then the
output can be of value. Obviously then, if a program
incorporates bad assumptions, it is a liability and
providee the user with a false senae of security. Anocther
limitation of the computer program is8 the inability to make
human Jjudgements. For example, a cost optimization program
will select the activity that costs the least to shorten,
wvhen in fact a human would recognize that this activity may
cause a labor dispute or strike and result in greater
coagta. Also, a machine will not recognize that crashing a
particular activity may regult in echeduling too many men
in too cramped an area. Therefore, ag explained earlier,
the computer ghould be velued as 8 tool enabling the
manager to make better decisions, but not vithout

recognizing ite limitations.
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CHAPTER V
COMPUTERIZED COST QPTIMIZATION WITH CRASH

Before a program in cost optimization could be
written, there needed to be, as a foundation, a CPM program
that would serve as an excellent tool for the scheduling of
a project. The best foundation for this would be a program
that would be easy to utilize while als2o praoviding the
esgential ingrediente to a realistic scheduling wodel. The
following paragrapha provide an overview with regards to
the foundation established in the Crash progranmnm. Thie
averview will look at capabilities, aggumptione,
limitationg, and the output that is provided by Crash.

For a praogram ta be ugeful, it must serve ite purpose,
and it cannot be overwvhelming for the operator. Crash was
degigned with +thi= in mind. The ugefulnese of a CPM
program is extremely dependent on haow well it provides the
scheduler with a realistic model. The ability of a program
not to overvhelm its operator depends to a large extent on
how "user friendly" it has been developed. Concerning both

the wusefulnegs and u=er friendly isgue ig the program’s
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Realistic Model

CPM has proven over the last 30 yeare to be an
excellent tool as a model for the scheduling of
congtruction projects. However, vhile the ability of
the CPM procees has improved over those years, many in
the induastry are 2till applying the procesa as it was
first developed. The majority of those 1in the
industry =till wutilize the activity on the arrow
technique, ag it wvaes first presented. There are two
major limitationz to this technique that do not
enhance the objective of having a realigtic model.
First is2 the requirement of providing dummy arrowe to
shaw many of the dependency relationships. Second is
the 1inability +to show any relationship other than a
dependent activity commencing only after +the total
completion of the preceding activity. Because of

these limitations, the activity on the node proceses of

CPM scheduling, or precedence diagram as it is called,

wvae developed. Presently, an increased number in the
industry are sghifting to this technique. This
processe, howvever, only eliminated one of the +two

limitationa from the activity on the arrow technique.
Na longer i there the requirement of providing dummy
arrowg in the netwark. Thoge in the industry who have

made the transition to thias process need only to make
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a elight improvement to fall in line with the last

development advanced

of the CPM process. The
precedence technique eliminated the inability to show
relationshipa other than starting activities only
after preceding activitiee were completely done. It
is my contention that only by utilizing this last
development of the CPM procees can one 1in the
congstruction industry truly provide a realistic model
to the construction achedule. That is why as the
foundation for a program to perform cost optimization
scheduling, the baeis of the program’s CPM
calculations muet utilize the advanced precedence
technique. Crash doesg, in fact, provide the usger with
both precedence and advance precedence capabilities.
The user of Crash can realistically model overlapping
activities, provide for necegsary delay time betwveen

activities 8uch asg with curing time for concrete, or

insure other dependency relationships.

While a program must be powerful to he of use to
the ueer, it must also be relatively simple to
operate. A first time user should find the program
not go difficult that it frightens him away. Rather,
it should demonstrate ite ease of use. Crash has been
developed to provide‘its usere 8 realistic scheduling

model that is easy to utilize. The entire program is

run in the form of a type of menu driven, interactive
32
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;\ process. After a get of initial instructions, the
n ) operator of the program need only to anawver the
- sequential questions in order ta perform any of the
;E various optione provided for by Crash. All the
- questions are ansevered in a yes or no format except
:3 vhen entering data. The data can be entered in any
N order without regard to the dependencies of
Ll

b activities. A further ability of the program that
;' helps the user is the option tao produce the output on
' either the screen or paper. Furthermare, the program
F‘ ingures that the output will not scroll acroe=s the

gcreen as it ie being produced.

other capabilities mentioned earlier that

"
3
<
0

affect both the ability of a CPM program to provide a

realigtic model and to insure ease of uge for +the

e

operator are the program’s ability tao file and

. N
~ retrieve data and the editing capabilities of the 53
< program. For a network of many activities, it would ‘g
'L be very inefficient for the user to repeatedly have to -
i} enter data as a new day of work began. Likewise, if a gé
) uger failed to enter all the data on a project at one §
:; time, he would not desire to start back at groaund zero 4

.
A |

vhen attempting to enter the remaining information.

R

- For that reason, any CPM program should have as one of E

F itas options the capability to file and retrieve data. i
o Tied into that concept is the ability of a program to h
Mal
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perfaorm editing functiaone. Inherent in Crasgsh is the
means to file, store, and edit data. The editing
capabilities of Crash are of twvo natures. Firat, ag

the user enters data one activity at a time, he 1i=

asked the question if the entered activity data is

carrect. If the anaver ias yes, the program proceeds
to the next data entry. If it ie no, the vuger 1i=s
acked to re-enter the last activity’s data. The

second phase of editing comes after all the data has
been entered. The user 18 provided a teble of
recorded data, and if he chooses to slter any piece of
information about the project, he can dao so. The
editing .capabilities at +this point are: adding
activities; deleting activitieas; changing sactivity
data to include durations, names, costs, dependencies;

changing indirect praject cost, and changing project

headline data. In affect, while thias option corrects
errors, it alsc enables the user to run a sensitivity
analyeiasa on the z2chedule. In combination, the storage

of data and the editing capability of the Crash
program provide the user powerful components to his

ability to insure a realistic model and ease of use.

Aesumptions
In order to undertake any endeavor, one haeg to follow
gome set of rules, principles, or assgumptions. To insgure

that 8ny wuser can understand the basisa of the Crash

program, it is best to identify those ssaumptiones on which

:
)
I
p
aa
:
i
:

» v _ B v
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it 1is based. The most important aassumption that the

program makes ig that the user is competent. It assume=s
that the user has prepared a list of activities with
correct dependency relationships and estimates for
durations and casts prior to the inputing of datas. Another
agsumption is +that the program utilizee the least cost
approach to compression of the project. The coet
optimization phagse o©of +the program assumes a linear
relationship <for the increased direct cost of crashing an
activity. It asgsumes that the project direct cost curve
follows a pilece-wise linear curve. The program assumes
that all the ingredients that make up the project indirect
costs are to be zpread out over the project uniformly,
regulting in an increasing linear indirect cost curve.
Finally, if two or more time durations result in the same
project total coet, the program will determine that the
cost optimization schedule will be the schedule that 1is
ghorter in duration.

Limitations

The Crash program does have some limitations.
Howvever, they do not present too great a problem for most
project networks. The program is limited to the ugse of
three dependencies for each activity. For most networks,
this is sufficient. The program can handle projecte of 160
activities or legs2 due to computer memory space available.
The output of the bar chart is limited to producing a graph

of 440 time unite or leas. Since the usger can gelect time
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units of hours, days, or veekg, this should not limit the
uge of this feature significantly. Theee three limitations
ghould not deter any potential user from extensively using

Crash.

A CPM arrow diagram, or precedence disgram, can make
genge to one wvho 18 very knowvledgeable ebout the procedure,
but to the common man, it can be extremely confueing, and
therefore, of little value to him. For that reason, the
Crash program has been developed to provide the user with
all of the essential data but in simple formats. There are
only two forme of output that the program produces. The two
forme are tabular and graphic in nature. There are three
different types of tables that are produced and only one
kind of graph. An example of these can be found 1in
appendix B. The first document is a table of the recorded
project data. Eagy to digest, all the data as inputed by
the wuser will appear. The next table 18 the project’s
normal completion aschedule. It provides the user with each
activity’e early agtart, early finish, late =start, late
finiah, and total float times=s. It also determines criticsal
activitieg and the project costs and duration. The next
output is a bar chart of the schedule. Thies provides the
uger an eaeily underetoad graphic presgentation of the
project schedule. If the user is8 only interested in normal
cost scheduling of the project, this will be the total

output he will receive concerning the project. However, if
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compression or cosgt optimization is de=sired, additional

reports are praduced. A demonetrated in appendix B, the
next report is a table of cost iterations demonstrating the
changeg 1in project costs as the project is reduced by one
time wunit until it reaches the projec# crash point. The
following reports produced are gimilar to the normel cost
schedule and bar chart in form but are for the crash point
énd optimum cost schedules. A8 demonstrated by the tables
and graphsg presented in appendix B, the reports provided by
Crash are both simple and informative.

By it=2 very nature, coet optimization as demonstrated
previously by the manual methods, is a very complicated and
arduous task. Developing & program that would accomplish
the act of compression would essentially ease the burden on
any person required to expedite a schedule. The hard part
wvas to write the computer text that would perfarm the
operation. The logic involved required a progrem that
would work on a potentially infinite sequence af iterative
operations producing the combination of compressed
activitiea that would provide the least costly scheduling
Bo}ution. The following paragraphs will expound on the
logic that enables Crash to perform the cost optimization
phasge.

Esgential +to the calculation of an optimum cost

schedule 1ig the ability of Crash to perform calculations
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wvhich produce the least costly increase of direct costs for

each time unit reduction. In order to produce a program
that would be useful and accurate, this key problem had to
be =olved. The firset etep in the process 1is8 for the
program to calculate each critical activity’s time-cost
glaope. After eorting the activities by their reegpective
time-cost sglope, with the smallest nonzero value first, the
procege of determining 1if caompressed actiQities would
reduce project time could commence. The program then
beging a geries of iterations. To start, the first sorted
value 18 compresgsed one time unit and the program runs the
CPM calculatione to see if the project time has alsoc been
reduced. If not, the next activity in order 12 also
compressed, and the CPM calculations are run again. This
continues until enough activity compreseione have been made
to reduce the project time by one unit. At thies point, 1t
ig likely that unnecessary activities have been compreased.
Therefore, the coests involved are toec high. Thuse, the
praogram goes through a geries of calculations combining
already compresged activities +to determine if some less
costly combination of those activitieeg will also satisfy a
one time unit reduction. When the least coet Fombination
hae been determined from those activities, the program
checka to 8ee if some other set of unanalyzed activities
might prove +to be les=s costly. Eventually, Crash

determines the combination of compressed activities which
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reduce the project completion by one time unit with the

leaat increasgse 1in direct costs.

Determining Optimum Cost

Once Crash has determined the least costly increase of
direct coste for a one time unit reduction, the process
goeg through a series of like repetitions. It continuee to
reduce the project until every combination of remaining
activities <that are in themselves compressible cannat
compregg the project further. The program has at that
point determined the project crash completion time. Given
the data inputed, the project cannot be completed in any
shorter a duration. While that is important information,
even more important to the user is the optimum cost at
vhich the project can be completed. Given the agsumption
that indirect costas are apread out uniformly at a constant
cost, the praogram makes the comparigson between that cost
and the ever i1increasing changes in direct costs. The
program determines that cost optimization echeduling occurs
one time unit prior to the time when increased direct coste
are greater than the constant indirect costs. The result
iz a schedule for the project that establighes the leagt
total cost to the user.

Perhape the moet efficient manner in which to explain

the 1logic of the cost optimization phase of the Crash

program 1is by way of an example. Throughout the next few
pages, an analyeiga of an example project will be
39
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undertaken. The analygis will utilize a combination of
explanations, computer output, and manual calculations
baged on freehand precedence diagrams. Table S-1 containe
the example’s recorded project data. There are no activity
degcriptions in order to avoid confusion. Simply refer to
the activities= by their respective activity codes. Table
S5-2 1s the compression cost iterations output as computed
by Crash. A2 noted by this table, the normal project
completion time is 21 days at a total cost of $58a0. The
crach completion time 18 17 days with a total cost of
85730, and the optimum co=st completion time i2 19 days at
the cost of 8£5720. In order to understand the compression
logic used by Crash to praoduce this table, a s8step-by-step
manual demongstration 1is provided. Figure 5-1 +through
figure 5-5 are precedence diagrams of the network at
different gtages of the compression ilterations. Along with
the diagrams are discussions of the logic and calculations
that the computer makesg in deciding which activities to

compreses.

. o e o
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A
B
c
D
F
E
H
G
I

PROJECT INDIRECT COST=

ST
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CASE STUDY EXAMPLE’S PROJECT DATA

PROJECT NAME:
SCHEDULED BY:
DATE ESTIMATED:

DURATION
NORM/CRASH

ACTIVITY DESCRIPTION

R i TR Qe —

s o o 5 » s »
NN NN ~
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$ 205 PER DAY

TABLE 5-1

THE FOLLOWING DATA IS RECORDED ON THE PROJECT:

CASE STUDY EXAMPLE
MARK A RONCOLI
19 AUGUST 1986

ACT. COST
NQRM/CRASH

- e -

310

175
200
340
190

600
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CASE STUDY EXAMPLE’'S COMPRESSION ITERATIONS

LA
4

- COMPRESSION COST ITERATIONS
o NORMAL PROJECT DURATION: 21 NORMAL PROJECT DIRECT COST: $ 1575
b NORMAL PROJECT INDIRECT COST: $ 4305 NORMAL PROJECT TOTAL CQOST: s 5880

2.

{ COMPRESSED INCREASED PROJECT PROJECT PROJECT PROJECT
! ACTIVITY(S) DIRECT COSTS DIRECT COSTS INDIRECT CT TOTAL COST DURATION
p A e mmmrmee e memmmae—me e e e mm—mmar e e e m e c e e e mm e e
) o~ F 50 1625 4100 5725 20
: I 200 1825 3895 5720 19

. H, E 210 2035 3690 5725 18

- B,E 230 2265 3485 5750 17

L a-aal s anl e ma A __af Sans sl Sk it
.' .

[ TABLE 5-2
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Example Project Precedence Diagram

Compressing from 21 to 20 days

*

b 12
T'r
s

KEY |
€5 |N.DUR| EF |

SLOFZ| ACT \ c,DuR‘

LS |DuR | LF |

% - DENOTES RiT.i8L ALT

%% - DENOTES CRiTicAL AND
COMPEESSIBLE  AcT.

Critical Time-Cost
Activities

Ag noted by the diagram above, there are four activities
that are critical at a project duration of 21 days. These
are activitien B, F, H, and I. All four of these
activities are compressible. Crash will sort these four
activitieas by the least time-cost slope and select activity
F to be the first trial compression iteration. Compressing
activity F one day at an increased cost of 850 will reduce
the project time to 20 days.

Figure 5-1
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Example Project Precedence Diagram

Compregsion from 20 to 19 days

* * * % * =
ol2iy BP 2| 713 [ HET NHRE
PolA T Aol o T Tl E | Ho| i3 29 I | T
EIEE BHAE BERE 9] 6 |0

* 4
NERE Ty
# = i 2. X~ ¥ i
Ak w/ \7 7 Ty €S [N.DUR| EF
~ 413 {7
e| €13 . Pl H |6 SLOPE | ACT | ¢.DUR
214y 71711y ]
“’“"’/)L LS | DUR |, LF
PR *
+ % - DEéNOTES .7 10U ALT
41317 * % - CENOTEs ChiTican 48
COMPECSSIBLE AcT
Compreesgible Time-Cost
Activities Slope
F 50
D 75
H 90
B 110
E 120
I 200
Ag noted abaove, all the project activities are now
critical. Howvever, activities A, c, and G are not
compressible. The sorting of the compressgible activities
by the least time-cost slope is shown above. To optimize
the schedule, Crash will proceed through a series of logic
phases. The program will first compresa each of these
activities one day, in the sorted order, until the project
ig reduced one day. In thie case, the last activity the
program compressed that resgulted in the project reduction
wvae E. Neot all of the activities needed to be compressed.
Therefore, the program determines which combination of
activities, to 1include activity E, provides the project
time reduction at the least increased direct cost. In thie
case, activities H and E, at an increased cost of $210, are
chosen. The program then checks to see if there are some

other activities wvwhose time-cost slopes are greater than
E'’2 but less than the alresdy determined cost of $210.
Thege activities would +then be examined to gsee if they
could be combined in a manner that would provide a cheaper
golution. In this case, the program would choose to
compregs activity I at an increased cost of $200, as the
final solution to reducing the project from 20 to 19 days.

Figure 5-2
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Example Project Precedence Diagram

Compresasion from 19 to 18 days

* * X * -«

AR 2162 21211 H12 1 NY e |1
Clalz ol e ol EI ol & 12 7| Z |
oirit 216 g13 | u 13 [4] =1 A

-
K KEY
# el
: 2K - £5 [N.DUR| EF
91414 VIERE, 7 |1 1
) — a , i
Il 5 - o| H : SLOFE ACW"C,DuR
2171 ;
417 LS | DuR | LF
5| F ~
+% - DENOTES R.~.ioL ALT
kf 3 7 ¥ - CENOTIe CATILAL AN

COMPRESSIBLE AT

Compressible Time-Coet

Activities Slope
"""" F “Ts50°
D 75
H 390
B 110
E 120
All the activitiee continue to be critical and will remwain
g0 throughout the project compression iterations. In
addition to activities A, C, and G, activity I is now slso
not compreasible. The program will utilize the same logic
described on the previocus page and determine that

compregsging activities H and E, at a cost of $210, will
compresg the project one day at the least increase of
direct coats.

Figure 5-3
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h Example Project Precedence Diagram

L]

l . Compregsasion from 18 to 17 days

Nt

A # * * % * *

DY olz]2 2|6|2 2|2 |to [0]3 |13 1216 |14

Y Al ole |6 12a| B |\ Nolé& 209 T |5
) o|Z | 2|6 (& glz|le o3 |12 121 514
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Np e X > *

o ; o] % 9/7: [>] 2.\7 2 Tz £S5 |N.DUR| EF

40217 =

o g No| & |3 . Jo|H | b SL0PE| ACT | c.DUR
F. ol 44 9|y 716 |12 {
- L LS | DUR | LF

2| F i -

<o 4 - DENOTES lRuTichL ALY
t%' 41217 %% - DENOTES CAITicaL AND

COMPRESSIBLE ACT.

Compreasible Time-Coet

: Activities Slope
i . F S0
F D 75
. B 110
E 120
tj Becauge of the last compreasion iteration, activity H |is
nov also not compressible. Again, the program determines
_ that activity E is the last activity to be compressed which
E: results in a one day project reduction. Aa before, not all
~ the activities compressed needed to be. The process by
which the program determines which combination with
}. activity E will provide the least increase in costs
-~ follows: First, the program will add back one day to each
of the comprezged activities except activity E. The
.. program then calculates that a compreseion of activity E
N alone will not reduce the project duration. The activities
o are again compressed one by one in the sorted order until
the project duration shove a reduction. In this case,
-~ activity D 18 the 1lamst +to be compressed, and in
:‘ combination with activities E, and F, they will reduce the
project at $2435. Next, Cragh will check to see if there
o are other activities whoge time-cost slopes are greater
:; than D’g, but in combination with E’s, less than the $245.
- In this case, the program would choose to compress
activitiese E and B at an increased cost of $230. As
N deecribed, thie procesa 1ia8 cyclical in nature and can
‘3 involve numerous iterations for larger projects.
. Figure 5-4
by
%
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N Example Project Precedence Diagram
! Compression limited to 17 day=s
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L D 75 |
" The last compresgsion iteration resulted in activities F and
Bf D being the only activities remaining compressible. "Crash

wvill determine that even if both activities are compressed,
it will not result in any further reduction in project
duration. Therefore, thoge two activities are not reduced.
The project’s crash paint is 17 days.

I

Figure 5-5
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As demaonatrated by the natatione tao the preceding
precedence diagrahs, the program’s logic for determining
vhich activities= to compresa is quite involved. It is that
fact which made the development of Crash quite a challenge.

Benefita of Using Crash

The benefits of utilizing the Crash program are many.
Along with so many computer programe of today’a information
era, Crash provides an accurate means of information
without the requirement of intensive manpover. What makes
thie program so very gpecial ig its numerocus capabilitiee.
By providing a realistic CPM scheduling capability while
inauring a ‘"user friendly" approach, almoat anyane
requiring to schedule a project should be fully equipped to
do so. Freeing manpower to concentrate on other areas of
interest instead of having to make manual compression
calculations, while insuring erraor free resulte, provides
the uger 8 definite advantage. The production of
informative and professional tables and graphs enables
thoge 1in the construction industry to make intelligent
decisiona concerning scheduling strategies. Yes, cost
aoptimization is of great concern to those trying to make it
in the conetruction businesas, and Crash can make it a lot

easier to understand.
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CHAPTER VI
CONCLUSION

= Summary

In the preceding chaptere, the concepts regarding cost
;: optimization scheduling and a computerized solution to this
) procese were presgented. The reagons for expediting a
rA project and the various espproaches and strategies for doing
N s80 were described. The method utilized by this report to ‘
Ry ‘

reduce project time was to compress the critical activities

which increased direct cogts the least. As a result of a

-

shorter project duration, indirect costs decreased. The

v ':. .('

increage of direct costa was then compared with the

’

decreage in indirect costs, to produce the optimum cost

AR

gchedule. The time savings provided by a computer program i

o in performing the numerous calculations vas also

highlighted. The assumptione required to utilize this

. procedure, both manually and with the computer, are the

same and were described. Finally, a computer program

written by the author and caslled Crash was presented.

Asgertion

Given +the asgsumption that a contractor wishes to

S successfully manage his business, this report has described

one asgpect of his managerial role. The contractor’s
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CES,

: ability to determine the optimum cost schedule for a
i . project relates directly to his firm’s profitability. A
5 ) computer 2coftware program for determining the optimum cost
E if gchedule is vital to the practicality of utilizing this
i - management tool. The computer program Crash has been
: i pregented to provide the contractor with thie tool. Now,

there is no excuse for anyone failing to perform cost

I - optimization calculationsa.
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10 REM

20 REM PROGRAM INFORMATION

30 REM

40 KEY OFF

S0 CLS

60 PRINT "CPM & COST OPTIMIZATION SCHEDULING"

70 PRINT "PREPARED BY MARK A RONCOLI, US ARMY CAPTAIN

80 PRINT "IN 1986 WHILE A GRADUATE STUDENT AT THE UNIVERSITY OF FLORIDA"

90 PRINT " °

100 PRINT " "

110 PRINT "THIS SCHEDULING PROGRAM ALLOWS YOU TO USE EITHER THE PRECEDENCE METHG
Dl

120 PRINT "OR ADVANCED PRECEDENCE METHOD OF CPH"

130 PRINT " *

140 PRINT "TO UTILIZE THE PROGRAM USE (ALL CAPS)"

150 PRINT "ALSO YOU WILL NEED THE ACTIVITY LIST FOR THE PROJECT: (WHICH INCLUDES
)l

160 PRINT "ACTIVITY CODES/ ACTIVITY DESCRIPTIONS/ DURATIONS/ DEPENDENCIES"

170 PRINT "AND CRASH TIMES AND COSTS IF COST OPTIMIZATION IS DESIRED"

180 PRINT * *

190 PRINT "THE PROGRAM HAS THE FOLLOWING LIMITATIONS:"

200 PRINT "IT WILL ONLY HANDLE UP TO THREE DEPENDENCIES"

210 PRINT "THE BAR CHART WHILE FLEXIBLE WILL ONLY DISPLAY UP T) 440 TIME UNITS"
220 PRINT "THE PROGRAM IS LIMITED TO 160 ACTIVITIES DUE TO COMPUTER MEMORY SPACE
"

230 PRINT " *

240 PRINT " *

250 INPUT "TO START THE PROGRAM HIT THE ENTER KEY";VVs

260 DIM Js(4)

270 DIM AS(160),ADS$(160), B$(160),C$(160),D$(160),D(160),ES(160), EF(160),LS(160),
LF(160)

280 DIM LLF(160),LLS(160),CP$(160),F(160),BSS(160),CSS(160),DSS(160), EES(160)
290 DIM BSF(160),CSF(160),DSF(160), BFF(160),CFF(160), DFF(160),CD(160), XD(160)
300 DIM NNC(160),NCC(160), TCS(160), IJ(160), JI(160),CCD(160), NCT(160)

310 DIM HH(160),NPT(160),DPT(160), JKL(160),EE(160)

320 CLS

330 INPUT "DO YOU WISH TO RECALL AN ESTABLISHED PROJECT DATA FILE (Y OR N)";WTs
340 IF WT$<>"Y" GOTO 410

350 INPUT "WHICH PROJECT DO YOU WISH TO RECALL";Fs$

360 GOSUB 9450

370 GOTO 4260

380 REM

390 REM ENTER DATA .

. 400 REN

410 CLS

420 PRINT "ENTER NEW PROJECT DATA"

430 INPUT "ENTER THE NAME OF WHO IS SCHEDULING THE PROJECT";J$(2)

. 440 INPUT "ENTER TODAY'S DATE";J$(3)

© 450 INPUT "ENTER PROJECT NAME";J$(1)

460 INPUT "ENTER NUMBER OF ACTIVITIES";N

470 INPUT "ENTER UNIT OF TIME. 1=HOURS 2=DAYS 3=WEEKS";Js(4)

480 INPUT "WILL YOU REQUIRE ADVANCE PRECEDENCE CAPABILITIES (Y OR N)";KKs

490 INPUT "DO YOU WANT TO ENTER ACTIVITY DIRECT COST DATA (Y OR N)";ACTDCS

S00 IF ACTDC$<>"Y" GOTQO 560

:
N
)
i
5
,
|
.I
p
:
|
o
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510 INPUT "WILL YOU REQUIRE COMPRESSION CAPABILITIES (Y OR N)";PP$
S20 IF PPs«<>"Y" GOTO 560
S30 INPUT "DO YOU WANT TO ENTER PROJECT INDIRECT COST DATA (Y OR N)“;ICDS
540 IF ICDs<>"Y" GOTO 560
S50 INPUT "ENTER THE INDIRECT COST PER UNIT OF TIME"; INDCOST
560 CLS
S70 PRINT "BEGIN ENTERING ACTIVITY DATA"
S80 IF PPs<>"Y" GOTO 620
S9Q PRINT * "
600 PRINT "NOTE: IF AN ACTIVITY CANNOT BE CRASHED, THEN IF ASKED TO ENTER THE C
RASH TIME"
610 PRINT "AND CQOST, ENTER IT EXACTILY AS YOU ENTERED TO NORMAL TIME AND COST."
620 PRINT * "
630 FOR I=1 TO N
640 INPUT "ENTER ACTIVITY CODE";AS(I)
650 INPUT "ENTER ACTIVITY DESCRIPTION";ADS(I)
IF PPs«<>"Y" GOTO 720
670 INPUT "ENTER THE NORMAL TIME DURATION";D(I)
680 INPUT "ENTER THE CRASH TIME DURATION";CD(I)
690 INPUT "ENTER THE NORMAL COST";NNC(I)
700 INPUT "ENTER THE CRASH COST";NCC(I)
710 GOTO 770
720 INPUT "ENTER DURATION";D(I)
730 CD(I)=D(I)
740 IF ACTDCS<>"Y" (GOTO 770
750 INPUT "ENTER COST";NNC(I)
760 NCC(I)=NNC(I)
770 PRINT "YQU MAY ENTER UP TO THREE PRECEDENT ACTIVITIES FOR EACH ACTIVITY"
780 INPUT "ENTER DEPENDENCY 1. IF NONE, ENTER: O";BsS(I)
790 IF Bs(I)="0" GOTO 1080
800 IF KKs<>"Y" GOTO 880
810 INPUT "IF THE DEPENDENCY IS NORMAL ENTER: O. ELSE ENTER: SF, SS, OR FF";AAS
820 IF AAsS<>"SF" GOTO 840
830 INPUT "ENTER THE START-TO-FINISH TIME";BSF(I)
840 IF AAsS<>"SS" GOTO 860
850 INPUT "ENTER THE START-TO-START TIME";BSS(I)
860 IF AAS<>"FF" GOTO 880
870 INPUT "ENTER THE FINISH-TO-FINISH TIME";BFF(I)
880 INPUT ®ENTER DEPENDENCY 2. IF NONE, ENTER: O";Cs(I)
IF Cs(I)="0" GOTO 1080
IF KKs<>"Y" GOTO 980
910 INPUT "IF THE DEPENDENCY IS NORMAL ENTER: O. ELSE ENTER: SF, SS, OR FF";AAS
920 IF AAS<>"SF" GOTO 940
930 INPUT "ENTER THE START-TO-FINISH TIME®*;CSF(I)
940 IF AA$<>"SS" GOTO 960
950 INPUT "ENTER THE START-TO-START TIME®";CSS(I)
960 IF AAS<>"FF" GOTO 980
970 INPUT "ENTER THE FINISH-TO-FINISH TIME";CFF(I)
980 INPUT "ENTER DEPENDENCY 3. IF NONE, ENTER: 0";Ds(I)
990 IF Ds(I)="0" GOTO 108a0Q
1000 IF KKs<>"Y" GOTO 1080
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1010
-]

1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350

. 1360

1370
1380
1390

. 1400
1410

1420
1430
1440
1450
1460

= 1470
. 1480

1490
1500
1510

INPUT "IF THE DEPENDENCY IS NORMAL ENTER: O.

IF AAS<>"SF"
INPUT "ENTER
IF AAS<>"SgG"
INPUT "ENTER
IF AAS<>"FF"
INPUT "ENTER

GOTO 1040

THE START-TO-FINISH TIME";DSF(I)
GOTO 1060

THE START-TO-START TIME";DSS(I)
GOTO 1080

THE FINISH-TO-FINISH TIME";DFF(I)

INPUT "IS THE DATA CORRECT? Y OR N";Zs
IF 2Z2s="Y" GOTO 1120

PRINT "RE-ENTER ALL OF THE DATA FOR THE LAST ACTIVITY"

GOTO 640
CLS

NEXT I
REM

RENM SORT BY PRECEDENCE

REM

FOR NM=1 TO N

FOR I=NM+1 TO N

IF BS(NM)=AS(I) GQTO 1240
IF CS(NM)=As(I) GOTO 1240
IF DS(NM)=AS(I) GQTO 1240

NEXT I
GOTO 1830
AAS=AS(I)
ADADS=ADS(I)
DD=D(I)
BBsS=BsS(I)
CCs=Cs(I)
DDs=Ds(I)
BSSS=BSS(1I)
CSSS=CSS(I)
DSSS=DSS(I)
BSFF=BSF (1)
CSFF=CSF(1)
DSFF=DSF (1)
BFFF=BFF (1)
CFFF=CFF(I)
DFFF=DFF(I)
CD1=CD(I)
NNC1=NNC(I)
NCC1=NCC(I)
XD1=XD(I)
TCS1=TCS(1)
IJ1=IJ¢(I)
JI1l=JI(I)
CCD1=CCD(I)
NCT1=NCT(I)
NPT1=NPT(I)
DPT1=DPT(I)
HH1=HH(I)
JKL1=JKL(I)
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ELSE ENTER: SF, S5, OR FF";AA
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EE1=EE(I)
EE(I)=EE(NM):EE(NM)=EE1
AS(I)=AS(NM) :AS(NM)=AAS
ADS(I)=ADS(NM) : ADS(NM)=ADADS
D(I)=D(NM):D(NM)=DD
Bs(I)=BS(NM):BS(NM)=BBS
Cs(I)=C9(NM):Cs(NM)=CCS
D$(I)=D8(NM) :DS(NM)=DDs
BSS(I)=BSS(NM):BSS(NM)=BSSS
CSS(I)=CSS(NM) :CSS(NM)=CsSSS
DSS(I)=DSS(NM) :DSS(NM)=DSSS
BSF(I)=BSF(NM) :BSF (NM)=BSFF
CSF(I)=CSF(NM) :CSF(NM)=CSFF
DSF(I)=DSF(NM) :DSF(NM)=DSFF
BFF(I)=BFF(NM) :BFF (NM)=BFFF
CFF(I)=CFF(NM) :CFF(NM)=CFFF
DFF(I)=DFF (NM) :DFF (NM)=DFFF
CD(I)=CD(NM):CD(NM)=CD1

NNC (I)=NNC(NM):NNC(NM)=NNC1
NCC(I)=NCC(NM) : NCC(NM)=NCC1
XD(I)=XD(NM) :XD(NM)=XD1
TCS(I)=TCS(NM):TCS(NM)=TCS1
IJ(I)=IJ(NM):IJ(NM)=1IJ1
JI(I)=JI(NM):JI(NM)=JI1
CCD(I)=CCD(NM) :CCD(NM)=CCD1
NCT(I)=NCT(NM):NCT(NM)=NCT1
NPT(I)=NPT(NM) :NPT(NM)=NPT1
DPT(I)=DPT(NM):DPT(NM)=DPT1
HH(I)=HH(NM) :HH{NM)=HH1
JKL(I)=JKL(NM):JKL(NM)=JKL1
NM=NM-1

NEXT NM

REM

REM DIRECT COST CALCULATIONS
REM

IF VP>0 GOTO 1900
CHANGE=DIRC

VP=VP+1

DCOST=0

FOR I=1 TO N
DCOST=DCOST+NNC(I)

NEXT I

DIRC=DCOST

INCR=DIRC-CHANGE

REM

REM ES & EF CALCULATIONS
REM

FOR I=1 TO N

IF B9(I)="0" THEN ES(I)=0:EF(I)=D(I)
NEXT 1

PP=0

FOR I=1 TO N
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'* 2040 FOR J=1 TO N
2050 IF A$(J)=BS(I) OR AS(J)=CS(I) OR AS(J)=DS(I) THEN 2110
n 2060 NEXT J
~. 2070 EF(I)=ES(I)+D(I)
2080 PP=0
-; 2090 NEXT I
"™ 2100 GOTO 2170
2110 IF PP<EF(J) THEN PP=EF(J)
2120 ES(I)=PP

™ 2130 GOTO 2060
" 2140 RENM
2150 REM RECALCULATING FOR SS, SF, AND FF TIME FACTORS
- 2160 REM
: 2170 FOR I=1 TO N

2180 IF Bs(I)="Q" GOTO 2690
2190 IF BSS(I)=0 AND BSF(I)=0 AND BFF(I)=0 GOTO 2290
. 2200 FOR Q@=1 TO I-1
. 2210 IF AS(QQ@)=BS(I) GOTO 2230
2220 NEXT Qa
.7 2230 IF BSS(I)<>0 THEN EES(I)=ES(QQ)+BSS(I) ELSE 2250
ré 2240 GOTO 2330
2250 IF BSF(I)<>0 THEN EES(I)=EF(QQ)+BSF(I) ELSE 2270
) . 2260 GOTO 2330
| <. 2270 EES(I)=EF(QQ)+BFF(I)-D(I)
© 2280 GOTO 2330
2290 FOR Q@=1 TO I-1
i 2300 IF A$(QQ@)=Bs(I) GOTO 2320
™ 2310 NEXT QQ
2320 EES(I)=ES(QQ)+D(@Q)
-, 2330 IF C$(I)="0" GOTO 2670
=, 2340 IF CSS(I1)<>0 OR CSF(I)<>0 OR CFF(I)<>0 GOTO 2400
¥~ 2350 FOR Q@=1 TO I-1
2360 IF A$(QQ@)=Cs(I) GOTO 2380
® 2370 NEXT Q@
-~ 2380 IF EES(I)<EF(QQ) THEN EES(I)=EF(QQ)
2390 GOTO 2500
.+ 2400 FOR Q@=1 TO I-1
.. 2410 IF AS(QQ)=C$(I) GOTO 2430
=’ 2420 NEXT QQ
2430 IF CSS(I)=0 GOTO 2460
.. 2440 IF EES(I)<ES(QQ)+CSS(I) THEN EES(I)=ES(QQ)+CSS(I)
‘.. 2450 GOTO 2500
2460 IF CSF(I)=0 GOTO 2490
= 2470 IF EES(I)<EF(QQ)+CSF(I) THEN EES(I)=EF(QQ)+CSF(I)
% 2480 GoTo 2500
2490 IF EES(I)<EF(QQ)+CFF(I)-D(I) THEN EES(I)=EF(QQ)+CFF(I)-D(I)
. 2500 IF D$(I)="0" GOTO 2670
", 2510 IF DSS(I)<>0 QR DSF(I)<>0 OR DFF(I)<>0 GOTO 2570
- 2520 FOR Q@=1 TO I-1
2530 IF AS(QQ)=DsS(I) GOTQ 2550
.- 2540 NEXT QQ
i 2550 IF EES(I)<EF(Q@) THEN EES(I)=EF(QQ)
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2560 GOTQ 2670
2570 FOR QQ@=1 TO I-1i
g 2580 IF A$(Q@)=Ds$(I) GOTO 2600
~ 2590 NEXT Q@
2600 IF DSS(I)=0 GOTO 2630
2610 IF EES(I)<ES(QQ)+DSS(I) THEN EES(I)=ES(QQ)+DSS(I)
2620 GOTO 2670
2630 IF DSF(I)=0 GOTO 2660
2640 IF EES(I)<EF(QQ)+DSF(I) THEN EES(I)=EF(QQ)+DSF(I)
2650 GOTO 2670
2660 IF EES(I)<EF(QQ)+DFF(I)-D(I) THEN EES(I)=EF(QQ)+DFF(I)-D(I)
2670 ES(I)=EES(I)
- 2680 EF(I)=ES(I)+D(I)
& 2690 NEXT I
REM
.- 2710 REM LS & LF CALCULATIONS
% 2720 RENM
"+ 2730 TT=0
2740 FOR I=1 TO N
"+ 2750 IF EF(I)>TT THEN TT=EF(I)
| 2760 NeXT I
2770 FOR I=1 TO N

.. 2780 LF(I)=TT

: LS(I)=LF(I)-D(I)

2800 NEXT I
FOR I=N TO 1 STEP -1
. 2820 FOR G=N TO 1 STEP -1

™ 2830 IF AS(I)<>BsS(G) GOTO 2960
‘ 2840 IF BSS(G)=0 AND BSF(G)=0 AND BFF(G)=0 GOTO 3220
» .. 2850 IF BSS(G)=0 GOTO 2890
. - 2860 LLF(I)=LS(G)+D(I)-BSS(G)
v 2870 LLS(I)=LLF(I)-D(I)
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2880 GOTO 3240
Q_ 2890 IF BSF(G)=0 GOTO 2930
7. 2900 LLF(I)=LS(G)-BSF(G)
2910 LLS(I)=LLF(I)-D(I)
. 2920 GOTO 3240

2930 LLF(I)=LF(G)-BFF(G)

2940 LLS(I)=LLF(I)-D(I)

2950 GOTO 3240 .
S, 2960 IF AS(I)N<>CS(G) GOTO 3090 1
2970 IF CSS(G)Y=0 AND CSF(I)=0 AND CFF(I)=0 GOTO 3220 )

2980 IF CSS(G)=0 GOTC 3020 S

.. 2990 LLF(I)»=LS(G)+D(I)-CSS(G)
» 3000 LLS(I)»=LLF(I)>-D(I)

" 3010 GOTO 3240

. 3020 IF CSF(G)=0 GOTO 3060
%+ 3030 LLF(I)=LS(G)-CSF(G)

Y
9
»
!
)
4
s
.
! < 3040 LLS(I)=LLF(I)-D(I)

» AR

3050 GOTO 3240
N, 3060 LLF(IY=LF(G)-CFF(G) i
} 3070 LLS(I)=LLF(I)-D(I)
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3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3as1o0
3520
3530
3540
3550
3560
3570
3580
3590
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GATO 3240

IF As(I)<>Ds(G) GOTO 3260

IF DSS(G)=0 AND DSF(I)=0 AND DFF(I)=0 GOTO 3220
IF DSsS(G)=0 GOTO 3150

LLF(I)=LS(G)+D(I)-DSS(G)

LLS(I)=LLF(I)-D(I)

GOTO 3240

IF DSF(G)=0 GOTO 3190
LLF(I)=LS(G)-DSF(G)
LLS(I)=LLF(I)-D(I)

GOTO 3240

LLF(I)=LF(G)-DFF(G)
LLS(I)=LLF(I)-D(I)

GOTO 3240

LLF(I)=LS(G)

LLS(I)=LLF(I)-D(I)

IF LLF(I)<LF(I) THEN LF(I)=LLF(I)
IF LLS(I)<LS(I) THEN LS(I)=LLS(I)
NEXT G

NEXT I

FOR I=1 TO N

F(I)=LF(I)-EF(I)

IF F(I)=0 GOTO 3340
CPs(I)="-"

NEXT I

GOTQ 3390

CPs{I)="C"

GOTO 3320

REM

REM CALCULATING PROJECT INDIRECT COST
REM

INDCT=INDCOST+TT

REM

REM SORT BY EARLY START
REM

FOR NM=1 TO N

FOR I=NM+1 TO N

IF ES(NM)>ES(I) GOTO 3470
GOTO 4170

AAS=AS(I)

ADADS=ADS(I)

DD=D(1I)

BBS=BS(I)

CCs=Cs(I)

DDs$=Ds(1I)

CD1=CD(I)

NNC1=NNC(I)

NCC1=NCC(I)

XD1=XD(I) °
TCS1=TCS(I)

IJ1=IJ(I)

JI1=JI(I)
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3600 CCD1=CCD(I)
3610 NCTL1=NCT(I)

B 3620 NPT1=NPT(I)

*. 3630 DPT1=DPT(I)

3640 HH1=HH(I)

, . 3650 JKL1=JKL(I)

. 3660 BSSS=BSS(I)

3670 CSSS=CSS(I)

3680 DSSS=DSS(I)

3690 BSFF=BSF(I)

3700 CSFF=CSF(I)

3710 DSFF=DSF(I)

3720 BFFF=BFF(I)

3730 CFFF=CFF(I)

3740 DFFF=DFF(I)

3750 EE1=EE(I)

3760 EE(I)=EE(NM):EE(NM)=EE1
3770 AS(I)=AS(NM):AS(NM)=AAS
3780 ADS(I)=ADS(NM):ADS(NM)=ADADS
3790 D(I)=D(NM):D(NM)=DD

3800 BS(I)=BS(NM):BS(NM)=BBs
3810 C8(I)=CS(NM):CS(NM)=CCS
3820 DS(I)=DS(NM):DS(NM)=DDs
3830 CD(I)=CD(NM):CD(NM)=CD1
3840 NNC(I)=NNC(NM):NNC(NM)=NNC1
3850 NCC(I)=NCC(NM):NCC(NM)=NCC1
3860 XD(I)=XD(NM):XD(NM)=XD1
3870 TCS(I)=TCS(NM):TCS(NM)=TCS1
3880 IJ(I)=IJ(NM):IJ(NM)=IJ1
3890 JI(I)=JI(NM):JI(NM)=JI1
3900 CCD(I)=CCD(NM):CCD(NM)=CCD1
3910 NCT(I)=NCT(NM):NCT(NM)=NCT1
3920 NPT(I)=NPT(NM):NPT(NM)=NPT1
3930 DPT(I)=DPT(NM):DPT(NM)=DPT1
3940 HH(I)=HH(NM):HH(NM)=HH1
3950 JKL(I)=JKL(NM):JKL(NM)=JKL1
3960 BSS(I)=BSS(NM):BSS(NM)=BSSS
3970 CSS(I)=CSS(NM):CSS(NM)=CSSS
3980 DSS(I)=DSS(NM):DSS(NM)=DSSS
3990 BSF(I)=BSF(NM) :BSF(NM)=BSFF
4000 CSF(I)=CSF(NM) :CSF (NM)=CSFF
4010 DSF(I)=DSF(NM) :DSF (NM)=DSFF
4020 BFF (I)=BFF (NM):BFF (NM)=BFFF
4030 CFF(I)=CFF(NM) :CFF (NM)=CFFF
4040 DFF(I)=DFF(NM):DFF (NM)=DFFF
4050 ESES=ES(I)

4060 EFEF=EF(I)

4070 LSLS=LS(I)

4080 LFLF=LF(I)

4090 CPCP$=CP$(I)

4100 FF=F(I)

4110 ES(I)=ES(NM):ES(NM)=ESES
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4120 EF(I)=EF(NM):EF(NM)=EFEF
4130 LS(I)=LS(NM):LS(NM)=LSLS
4140 LF(I)=LF(NM):LF(NM)=LFLF
4150 CPS(I)=CPsS(NM):CPS(NM)=CPCPs
4160 F(I)=F(NM):F(NM)=FF \
4170 NEXT I .
4180 NEXT NM

4190 IF OPTCOST=1 GATO 5470

4200 IF GH=1 GOTQ 5470

4210 IF SP>»0 GOTO 13550

4220 IF YB>0O GOTO 9840

4230 RENM

4240 REM PRINTING PRCJECT DATA

4250 REM

4260 INDCT=INDCOST+TT

4270 IF INDCOST<>0 THEN ICDs="Y" ELSE ICDS$="N"

4280 YYS="N"

4290 DEVICES="SCRN:":WIDTH "SCRN:", 80

4300 GOTO 4320

4310 DEVICES="LPT1:":WIDTH "LPT1:", 80

4320 OPEN DEVICES FOR QOUTPUT AS #1

4330 PRINT #1, TAB(17);"THE FOLLOWING DATA IS RECORDED ON THE PROJECT:"

4340 PRINT #1, " "

4350 PRINT #1, " *

4360 PRINT #1, " "

4370 PRINT #1, TAB(28);"PROJECT NAME: ";Js(1)

4380 PRINT #1, TAB(28);"SCHEDULED BY: *;J8(2)

4390 PRINT #1, TAB(28);"DATE ESTIMATED: ";J$(3)

4400 PRINT #1, * *

4410 PRINT #1, " "

4420 PRINT #1, TAB(&);"ACT.";TAB(37);"DURATIOGN";TAB(SO);"ACT. COST"

4430 PRINT #1, TAB(6);"CODE";TAB(13);"ACTIVITY DESCRIPTION"; TAB(36); "NORM/CRASH"
; TAB(49) ; "NORM/CRASH" ; TAB(&3) ; "DEPENDENCIES"

1440 PRINT #1, TAB(6);"----";TAB(13);"==-=----c---memmooo ";TAB(36);"------
;TAB(49) ;" -~----=--- "TAB(63) }"=-mm==mmmm e "
4450 LL=0

4460 FOR I=1 TO N

4470 IF YYs="Y" GQTQ 4520

4480 LL=LL+1

4490 IF LL<>1S5 GOTO 4520

4500 LL=0

4510 INPUT "HIT THE ENTER KEY Tu COix TNUE";WWs
4520 FlsS="###.#"

4530 F2S="##"

4540 FI2="#4444"

4550 PRINT #1, TAB(6);AS(I);TAB(16);ADS(I);TAB(35);
4560 PRINT #1, USING F1$;D(I);

45370 IF D(I)=CD(I) GOTO 4600

4580 PRINT #1, "/";

43590 PRINT #1, USING F1$;CD(I);

4600 PRINT #1, TAB(48);

4610 PRINT #1, USING F38;NNC(I);

4620 IF NNC(I)=NCC(I) BOTQ 4650
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PRINT #1, "/";
4640 PRINT #1, USING F3s;NCC(I);
4650 PRINT #1, TAB(63);
IF BS(I)="0" THEN PRINT #1, "-"
4670 IF Bs(I)="0" GOTO 5190
4680 IF BSS(I)<>0 GOTO 4730
IF BSF(I)<>Q GOTO 4770
4700 IF BFF(I)<>0 GOTO 4810
- 4710 PRINT #1, BS(I);
4720 GOTO 4840
' 4730 PRINT #1, Bs$(I);"(SS=";
4740 PRINT #1, USING F2%;BSS(I);
~ 4750 PRINT #1, ")";
> 4760 GOTO 4840
“> 4770 PRINT #1, BS(I);"(SF=";
. 4780 PRINT #1, USING F2$;BSF(I);
¢ 4790 PRINT #1, ")";
«!{ 4800 GOTO 4840
4810 PRINT #1, BS(I);"(FF=";
>, 4820 PRINT #1, USING F2$;BFF(I);
{* 4830 PRINT #1, "™)";
4840 IF Cs(I)="0" GOTO S1i80
4850 IF CSS(I)<>0 GOTO 4900
- 4860 IF CSF(I)<>0 GOTO 4940
. 4870 IF CFF(I)<>0 GOTO 4980
4880 PRINT #1, ", ";Cs8(I);
- 4890 GOTO S010
4900 PRINT #1, ",";C9(I);"(SS=";
4910 PRINT #1, USING F29;CSS(I);
4920 PRINT #1, ™)";
. 4930 GOTO 5010
* 4940 PRINT #1, ", ";C$(I);"(SF=";
4950 PRINT #1, USING F2$;CSF(I);
M@ 4960 PRINT #1, ")";
-~ 4970 GOTO 5010
4980 PRINT #1, ",";CS$(I);"(FF=";
.+ 4990 PRINT #1, USING F2$;CFF(I);
< SO000 PRINT #1, ")";
¢ 5010 IF D$(I)="0" GOTO S1i80
S020 IF DSS(I)<>0 GOTO 5070
*l° 5030 IF DSF(I)<>0 GOTGO 5110
~ 5S040 IF DFF(I)<>0 GOTO S150
SO0SO PRINT #1, ", ";D$(I)
GOTO 5190
PRINT #1, ", ";Da(I);"(SS=";
PRINT #1, USING F2$;DSS(I);
S090 PRINT #1, ")";
S100 GOTO 5180
5110 PRINT #1, ", ";D$(I);"(SF=";
5120 PRINT #1, USING F2$;DSF(I);
.. 5130 PRINT #1, ")";
E S140 GOTO S180
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PRINT #1, ", ";DS(¢I);"(FF=";

PRINT #1, USING F2%$;DFF(I);

PRINT #1, ™)";

PRINT #1, " "

NEXT I

IF INDCOST=0 GOTO 5270

PRINT #1, "

PRINT #1, "

IF J$(4)="1" THEN T$="HOUR"

IF J$(4)="2" THEN T$="DAY"

IF J$(4)="3" THEN T$="WEEK"

PRINT #1, TAB(6);"PROJECT INDIRECT COST= &";INDCOST;"PER ";T$
IF YY$S<>"Y* GOTO 5290

PRINT #1, CHR$(12)

CLOSE #1

IF YYs<>"Y® GOTO 5380

PRINT " "

INPUT "DO YOU WANT ANOTHER HARD COPY OF THIS DATA (Y OR N)";GGS
CLS

IF GG$="Y" THEN 4310 ELSE 5470

REM

REM DO YOU WANT TO EDIT/HARDCOPY OF INPUT DATA
REM

PRINT " "

INPUT "DQ YOU WANT TO EDIT? Y OR N";EsS
IF Es="Y" GOTO 7500

INPUT "DO YOU WANT A HARD COPY OF THE INPUT DATA (Y OR N)";YYs
CLS

IF YYs="Y" GOTO 4310

REM

REM PRINTING CPM SCHEDULE TABLE
REM

EEg="N"

DEVICES="SCRN:":WIDTH "SCRN:", 80
GOTO 5510

DEVICES="LPT1:":WIDTH "LPT1:", 80

OPEN DEVICES FOR OUTPUT AS #1

IF OPTCOST=0 GOTO 55S0

PRINT #1, TAB(27);"OPTIMUM CQOST COMPLETION TIME"
GOTO 5590

IF GH<>1 GATQ S580 :
PRINT #1, TAB(30);"CRASHED COMPLETION TIME"
GOTO S590

PRINT #1, TAB(30);"NORMAL COMPLETION TIME"
PRINT #1, TAB(34);"CPM SCHEDULING"

PRINT #1, " *

PRINT #1, TAB(34);"PROJECT: ";J$(1)

IF Js(4)="1" THEN T$="HOURS"

IF Js(4)="2" THEN TS="DAYS"

IF J9(4)="3" THEN T$="WEEKS"

PRINT #1, TAB(34);"TIME SCALE: ";Ts

PRINT #1, "
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© 6020 PRINT #1, *~
T 6030 IF ICDs<>"Y" GOTO 6080

- VT T A L TAT N

S670 PRINT #1, *"

S680 PRINT #1, TAB(4);"ACT.";TAB(11);"ACTIVITY";TAB(27);"ACT. ";TAB(36);"EARLY";T
AB(45) ; "EARLY"; TAB(S4) ; "LATEST"; TAB(63);"LATEST"; TAB(72);"TQTAL"

5690 PRINT #1, TAB(4);"CODE";TAB(11);"DESCRIPTION";TAB(27);"DUR. ";TAB(36); "STAR"
"; TAB(45); "FINISH"; TAB(S54);"START"; TAB(63);"FINISH";TAB(72);"FLOAT";TAB(78);"CP"

5700 PRINT #1, TAB(4);"----";TAB(11);"=--~-==-=~- ";TAB(27);"---~";TAB(36);"-----
";TAB(45);"------ ";TAB(S4);"----- ";TAB(63);"------ ";TAB(72);"----- ";TAB(78);"--"
5710 LL=0

S720 FOR I=1 TO N

S730 IF EE$="Y" GOTQ 5780

5740 LL=LL+1

5750 IF LL<>15 GOTO 5780

5760 LL=0

5770 INPUT "HIT THE ENTER KEY TO CONTINUE";WWs$
S780 F1S="##4#. 4"

5790 PRINT #1, TAB(S5);AS(I);TAB(12);ADS(I);TAB(26);
S800 PRINT #1, USING F1$;D(I);
S810 PRINT #1, TAB(35);

5820 PRINT #1, USING F18;ES(I);
S830 PRINT #1, TAB(44);

S840 PRINT #1, USING F1$;EF(I);
5850 PRINT #1, TAB(S3);

S860 PRINT #1, USING F1e;LS(I);

S870 PRINT #1, TAB(62);

S880 PRINT #1, USING F18;LF(I);

S890 PRINT #1, TAB(71);

S900 PRINT #1, USING F1$;F(I);

S910 PRINT #1, TAB(78);

S920 PRINT #1, CPs(I)

S930 NEXT I

5940 PRINT #1, " "

5950 IF EE$="Y" GOTO 5980

5960 IF LL<10 GOTO 5980

5970 INPUT "HIT THE ENTER KEY TO CONTINUE";WWs

S980 PRINT #1, TAB(4);"PROJECT DURATION: ";TT

5990 IF DIRC=0 GOTO 6080

6000 PRINT #1, " "

6010 PRINT #1, TAB(4);"PROJECT DIRECT COST: $";DIRC

6040 PRINT #1, TAB(4);"PRQJECT INDIRECT COST: €";INDCT
6050 PRINT #1, " "

6060 TCOST=DIRC+INDCT .
6070 PRINT #1, TAB(4);"PROJECT TOTAL COST: &";TCOST u
6080 IF EES="Y" GOTO 6110 z
.. 6090 PRINT " " -
6100 INPUT "HIT THE ENTER KEY WHEN READY TO PROCEED TO THE BAR CHART";UUS :
6110 PRINT #1, CHRS(12) ,
6120 REM £
6130 RENM PRINT BAR CHART
6140 REM -

6150 IF OPTCOST=0 GOTO 6180 N
6160 PRINT #1, TAB(28);"OPTIMUM COST COMPLETION TIME" -
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6170 GOTO 6220

6180 IF GH<>1 GOTO 6210

6190 PRINT #1, TAB(31);"CRASHED COMPLETION TIME"

6200 GOTO 6220

6210 PRINT #1, TAB(31);"NORMAL COMPLETION TIME"

6220 PRINT #1, TAB(34);"BAR (GANNT) CHART"

6230 PRINT #1, " "

6240 PRINT #1, TAB(34);"PROJECT: ";Je(1)

6250 PRINT #1, TAB(34);"TIME SCALE: ";Ts

6260 PRINT #1, " "

6270 PRINT #1, " "

6280 IF TT<27 THEN F1=2

6290 IF (TT>=27) AND (TT<S5) THEN F1i=1

6300 IF (TT>=55) AND (TT<110) THEN Fi1=.5

6310 IF (TT>=110) AND (TT<220) THEN F1=.25

6320 IF (TT>=220) AND (TT<44Q) THEN F1=.125

* - 6330 IF F1=2 GOTO 7370

.+’ 6340 1IF Fl1=1 GOTO 6380

\ 6350 IF Fl=.5S GOTQ 7330

6360 IF F1=.25 GOTO 7400

6370 IF Fl=.125 GOTO 7440

! 6380 PRINT #1, TAB(4);"ACT.";TAB(11);"ACTIVITY";TAB(35);"1";TAB(45);"2";TAB(S5);
. "3";TAB(6S);"4"; TAB(75);"5"

6390 PRINT #1, TAB(4);"CODE";TAB(11);"DESCRIPTIQN";TAB(25);"0";TAB(35);"0";TAB(4
> §);"0%;TAB(SS);"0O"; TAB(65);"0"; TAB(75);"0"

6400 PRINT #1, TAB(4);STRINGS$(21,CHR2(205));CHRS(216);STRINGS(9, CHR$(205)) ;CHRS(
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6420 PRINT #1, STRING$(9,CHR9(205));CHR$(216);STRINGS(9, CHRS(205)) ; CHRS(216);
6430 PRINT #1, STRINGS(4,CHRS(205))
6440 LL=0
6450 FOR I=1 TO N
6460 IF EES$="Y" GOTO 6520

M 6470 LL=LL+1

. 6480 IF LL<>15 GOTO 6S30
: 6490 LL=0
.+ .. 6500 INPUT "HIT THE ENTER KEY TO CONTINUE";WWs
. . 6510 GOTO 6530
"~ 6520 PRINT #1, TAB(2S);CHRS(186)
6530 DD1=D(I)«F1
< 6540 IF DD1<1 THEN DD1=1
= 6550 EE1=F(I)«F1
6560 IF EE1<1 THEN EE1=1
~ 6570 IF F(I)=0 GOTO 6750
‘¢, 6580 D1=D(I)+*F1
© 6590 D2=INT(D(I)=F1)
6600 D3=F(I)*F1
"’ 6610 D4=INT(F(I)*F1)
3 6620 IF (D1<>D2) AND (D3<>D4) GOTO 6690
6630 PRINT #1, TAB(S);A$(I);TAB(11);ADS(I);TAB(25);CHRS(186);
< 6640 COLOR 1
¥t 6650 PRINT #1, TAB(INT(26+ES(I)«F1));STRINGS(INT(DD1), CHRS(178));
*- 6660 COLOR 14
6670 PRINT #1, STRINGS(INT(EE1),CHRS(176))

N

: 216);
t . 6410 PRINT #1, STRINGS(9,CHR$(205));CHRS(216);STRINGS$(9, CHRS(205));CHRS(216);
!
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6680
6630
6700
6710
6720
6730
6740
6750
6760
6770
&780
6790
6800
6810
6820
6830
6840
6850
6860
6870
6880

- 6890

6900

. 6910
- 6920

6930
6940
6950
6960
6970

-+ 6980
©. 6990

7000
7010
7020

© 7030

7040

. 7050
' 7060

7070

. 7080
- 7090

7100

Y";VVs

w7110

' 7120

7130

Y OR
7140

7150
7160

> 7170
7180

GOTO 6780

PRINT #1, TAB(S);AS(I);TAB(11);ADS(I);TAB(25);CHRS(186);

COLOR 1

PRINT #1, TAB(INT(26+ES(I)*F1));STRINGS(INT(DD1),CHRS(178));
COLOR 14

PRINT #1, STRINGS(INT(EE1+1),CHRS(176))

GOTO 6780

PRINT #1, TAB(S);A$(I);TAB(11);ADS(I);TAB(25);CHRS(186);

COLOR 4

PRINT #1, TAB(INT(26+ES(I)#F1));STRINGS(INT(DD1), CHRS(219))
COLOR 7

NEXT I

PRINT #1, " *

COLOR 4

PRINT #1, TAB(4);CHRS$(219);

COLOR 7

PRINT #1, "DENOTES CRITICAL ACTIVITY"

COLOR 1

PRINT #1, TAB(4);CHRS(178);

COLOR 7

PRINT #1, "DENOTES NON-CRITICAL ACTIVITY"

COLOR 14

PRINT #1, TAB(4);CHRS(176);

COLGCR 7

PRINT #1, "DENOTES FLOAT TIME"

IF EES<>"Y" GOTO 6950

PRINT #1, CHRS(12)

PRINT " *

CLOSE #1

IF EES="Y" GOTO 7010

INPUT "DO YOU WISH TQO GET A HARD COPY OF PREVIQUS CHARTS (Y OR N)";EES
cLs

IF EES="Y" THEN 5500 ELSE 7030

INPUT "DO YOU WISH TQO GET ANQTHER HARD COPY OF THE CHARTS (Y OR N)";GGs
IF GGS$="Y" GOTO 5500

IF GH=1 GOTO 14200

IF OPTCOST=1 GOTO 14340 .
PRINT " "

INPUT "DO YOU WANT THE PROJECT DATA STORED INTO A FILE (Y OR N)";BBS
iF BBS<>"Y" GOTO 7090

GOSUB 9640

PRINT " »

INPUT "DO YOU WISH TO PERFORM A COMPRESSION ANALYSIS ON THE PROJECT (Y OR N

IF Vvs<>"Y" GOTO 7290

PRINT "~ "

INPUT "DO YOU NEED TO ADD COMPRESSION DATA TO ACTIVITY DATA ALREADY FILED (¢
N)";AZS

IF AZ2s="Y" GOTO 7260 ‘
CLS

PRINT "DUE TO THE ITERATIVE NATURE OF THE COMPRESSION CALCULATIONS"

PRINT "THE COMPUTER MAY BE SLOW IN PRODUCING THE FOLLOWING TABLE."

PRINT "TO REDUCE TIME: IF THE INPUTED NETWORK IS A COMPLICATED ONE"
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7190 PRINT "AND A HARD COPY IS DESIRED IT IS BEST TO ELIMINATE THE SCREEN"
7200 PRINT "EDITION AND ONLY PRODUCE THE HARD COPY"
n 7210 PRINT " "
.. 7220 INPUT "DO YOU WISH THE OUTPUT TO GO DIRECTLY TO THE PRINTER (Y OR N)";WAWS
7230 PRINT " *
_ 7240 PRINT "REMEMBER IT MAY TAKE A LONG TIME DEPENDING ON THE NETWORK"
‘.- 7250 INPUT "HIT THE ENTER KEY TO PROCEED";CVBS
" 7260 CLS
7270 IF AZ$="Y" GQTO 7850
¥ 7280 GOTO 9810
7290 PRINT " *
7300 INPUT "DO YOU WANT TO END THE PROGRAM";ENS
7310 IF ENs$<>"Y" GOTO 5390
7320 END o
7330 PRINT #1, TAB(75);"1i"
7340 PRINT #1, TAB(4);"ACT.";TAB(11);"ACTIVITY®*;TAB(3S);"2";TAB(45);"4";TAB(55);
}3-"6";TAB(65);"8";TAB(7S);'O"
", 7350 PRINT #1, TAB(4);"CODE";TAB(11);"DESCRIPTION";TAB(25);"0";TAB(3S);"0";TAB(4
S5);"0"; TAB(S55);"0"; TAB(65);"0"; TAB(75);"0O"
7360 GOTO 6400
i; 7370 PRINT #1, TAB(4);"™ACT.";TAB(11);"ACTIVITY";TAB(45);"1";TAB(S5);"1";TAB(65);
"2n . TAB(75);"2"
7380 PRINT #1, TAB(4);"CODE";TAB(11);"DESCRIPTION";TAB(25);"0";TAB(35);"5";TAB(4
<. 5);"0";TAB(SS);"S";TAB(65);"0"; TAB(75);"5"
'+~ 7390 GOTO 6400
7400 PRINT #1, TAB(SS);"1";TAB(6S);"1";TAB(75);"2"
;2 7410 PRINT #1, TAB(4);"ACT.";TAB(11);"ACTIVITY";TAB(35);"4";TAB(45);"8";TAB(55);
i %27 TAB(6S5S);"6"; TAB(75);"Q"
7420 PRINT #1, TAB(4);"CODE";TAB(11);"DESCRIPTION"; TAB(25);"0"; TAB(35);"0";TAB(4
S);"0"; TAB(SS);"0"; TAB(65);"Q"; TAB(7S);"0O"
* 7430 GOTO 6400
<. 7440 PRINT #1, TAB(45);"1";TAB(S5);"2";TAB(65S);"3";TAB(75);"4"
7450 PRINT #1, TAB(4);"ACT.";TAB(11);"ACTIVITY";TAB(35);"8";TAB(45);"6"; TAB(55);
"4" ; TAB(65);"2"; TAB(75);"O"
7460 PRINT #1, TAB(4);"CODE";TAB(11);"DESCRIPTION";TAB(25);"0";TAB(35);"0";TAB(4
S);"0"; TAB(S5);"O"; TAB(65);"0"; TAB(75);"0"
., 7470 GOTO 6400
-- 7480 REM EDITING PHASE
¢ 7490 RENM
7500 INPUT "DO YOU WISH TO CHANGE PROJECT HEADLINE DATA (Y OR N)";BNM$
<. 7510 IF BNMS<>"Y" GOTO 7Sa0
"~ 7520 INPUT "ENTER THE NAME OF WHO IS SCHEDULING THE PROJECT";J$(2)
7530 INPUT "ENTER TODAY'’S DATE";J$(3)
- 7540 INPUT "ENTER THE PROJECT NAME";J$(1)
<, 7550 INPUT "ENTER THE UNIT OF TIME. 1=HOURS 2=DAYS 3=WEEKS";Js(4)
+ 7560 CLS
7570 GOTO 4280

<. 7580 INPUT "DO YOU WISH TO INPUT ADVANCE PRECEDENCE CAPABILITIES WHILE EDITING";
" KKs

7390 INPUT "DO YOU WISH TO INPUT OR INSURE RETAINMENT OF ACTIVITY DIRECT CQOST DA
TA" ; ACTDCs
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7600 INPUT "DO YOU WISH TO INPUT OR INSURE THE RETAINMENT OF COMPRESSION DATA";F

Ps

g 7610 INPUT "DO YOU WISH TO INCLUDE OR CHANGE THE INDIRECT PROJECT COST (Y OR N)"
;UNITS

7620 IF UNITS<>"Y" GQOTO 7690

7630 INPUT "ENTER THE INDIRECT CQST PER UNIT OF TIME"; INDCOST

7640 ICDg="Y"

7650 IF INDCOST=0 THEN ICD&="N"

7660 INDCT=INDCOST+TT

7670 CLS

7680 GOTO 4280

7690 INPUT "DO YOU WISH TQ ADD ACTIVITIES? Y OR N";Z2Q@$

7700 IF Z@$="Y"™ THEN CLS

7710 IF 2Q@$="Y" GOTO 8570

7720 INPUT "DO YOU WISH TO DELETE ACTIVITIES? Y OR N";QZs

7730 IF Q2%="Y" THEN CLS

7740 IF Q2$="Y" GOTO 9130

7750 INPUT "DO YOU WISH TO CHANGE AN ACTIVITY? Y OR N";QQs

7760 CLS

7770 IF QQ@s="Y" GOTO 7840

7780 IF ZQ$="Y" GOTQ 1170

7790 IF Q2$="Y" GOTO 1170

7800 GOTO 7060

7810 REM

7820 REM CHANGING ACTIVITY DATA

7830 REM

7840 AZS="N"

| 7850 PRINT"ENTER ACTIVITY CODE OF ACTIVITY TO BE CHANGED"

7860 INPUT Qs

7870 FOR I=1 TO N

7880 IF A$(I)=@8 GOTO 7920

7890 NEXT I

7900 GOTO 1170

7910 PRINT "RE-ENTER THE DATA"

"+ 7920 INPUT "ENTER NEW ACTIVITY CODE";AS(I)

7930 INPUT "ENTER NEW ACTIVITY DESCRIPTION";ADS(I)

7940 IF PPs$<>"Y" GOTO 8000

7950 INPUT "ENTER THE NEW NORMAL TIME DURATION";D(I)

7960 INPUT "ENTER THE NEW CRASH TIME DURATION";CD(I)

7970 INPUT "ENTER THE NEW NORMAL COST";NNC(I)

-7 7980 INPUT "ENTER THE NEW CRASH -COST";NCC(I)

- 7990 GOTO 8050

8000 INPUT "ENTER NEW ACTIVITY DURATIQN";D(I)

8010 CD(I)=D(I) ’

. 8020 IF ACTDCS<>"Y" GOTO 8050

8030 INPUT "ENTER NEW ACTIVITY COST";NNC(I)

8040 NCC(I)=NNC(I)

~. 8050 Bs(I)="Q" .

'~ 8060 C8(I)="0O" :

8C70 Ds(I)="0" I

.» 8080 BSS(I)=0 ;

'Y 8090 CSS(I)=0 |

8100 DSS(I)=0
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8110
8120

. 8130
[ 8140
8150
8160
-~ 8170
8180

8190
= 8200

8210
~ 8220
8230
8240
8250
~. 8260
8270

8280
.- 8290
[ 8300

8310
8320
8330
8340
8350
8360
8370
8380
8390
8400

s

8410
s 8420
8430
8440
8450
8460
8470
-. 8480
-. 8490

8500
.. 8510
<. 8520
- 8530

8540
e 8550
‘.. 8560

83570
. 8580
8590
~ 8600
8610

[

M

BSF(I)=0
CSF(I)=0
DSF(I)=0
BFF(I)=0
CFF(I)=0
DFF(I)=0
INPUT "ENTER
IF Bs(I)="Q"
IF KKs<>"y"
INPUT

IF AAS<>"SF"
INPUT "ENTER
IF AAS<>"Sg"
INPUT "ENTER
IF AAS<>"FF"
INPUT "ENTER
INPUT "ENTER
IF Cs(I)="0"
IF KKS<>"y*"

INPUT

IF AAsS<>"SF"
INPUT "ENTER
IF AAs<>"gSg"
INPUT ®*ENTER
IF AAS<>"FF*"
INPUT "ENTER
INPUT "ENTER
IF Ds(I)="0O"
IF KKs<>"yrn

INPUT

IF AAS<»"SF*"
INPUT "ENTER
IF AAS<>"Sg"
INPUT "ENTER
IF AAS<>"FF*"
INPUT "ENTER

NEW DEPENDENCY 1.
GOTO 8470

IF NONE, ENTER: O";Bs(I)

GOTO 8270
"IF THE DEPENDENCY IS NORMAL ENTER: O.

GOTO 8230

THE START-TO-FINISH TIME";BSF(I)
GOTO 8250

THE START-TO-START TIME";BSS(I)
GOTO 8270

THE FINISH-TO-FINISH TIME";BFF(I)
NEW DEPENDENCY 2. IF NONE, ENTER: 0";Cs(I)
GOTO 8470
GOTO 8370
"IF THE DEPENDENCY IS NORMAL ENTER: O. ELSE ENTER: SF, SS, OR FF";AA
GOTD 8330
THE START-TO-FINISH TIME";CSF(I)
GOTO 8350
THE START-TO-START TIME";CSS(I)
GOTO 8370

THE FINISH-TO-FINISH TIME®";CFF(I)
NEW DEPENDENCY 3. IF NONE, ENTER: O";Ds(I)
GOTO 8470

GOTO 8470
"IF THE DEPENDENCY IS NORMAL ENTER:

0.

GOTO 8430

THE START-TO-FINISH TIME";DSF(I)
GOTO 8450

THE START-TO-START TIME";DSS(I)
GOTO 8470

THE FINISH-TO-FINISH TIME";DFF(I)

INPUT "IS THE DATA CORRECT? Y OR N";Zs

IF Za="N"

GOTO 7910

INPUT "DO YOU WISH TO CHANGE ANQTHER ACTIVITY? Y OR N";TQs

CLS

IF TQg="Yy"
IF AZs="Yy"
GOTO 1170

REM
REM
REM
INPUT "ENTER
FOR I=1 TO G
INPUT "ENTER
INPUT "ENTER
IF PPs<>"Y"

GOTO 7850
GOTO 7060

ADDING ACTIVITIES

NUMBER OF ACTIVITIES TO BE ADDED";G

ACTIVITY CODE FOR ACTIVITY";AS(N+I)
ACTIVITY DESCRIPTION";ADS(N+I)

GOTO 8670

&8

ELSE ENTER: SF, 58S, OR FF";AA

ELSE ENTER: SF, SS, OR FF";AA
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8620
8630
8640
8650
8660
8670
8680
8690
8700
™ 8710
. 8720

8730
-. 8740
o 8750

s /BB

8760
- 8770
. 8780

8790
. 8800
(! 8810

8820
. 8830
.- as40
"+ 8850

8860
' as70
~ 88a0
., 8890
~, 8900
5 8910

8920
® 8930
. 8940

8950

5 8960
"+ 8970

a9ac
', 8990
“» 9000

9010
;. 9020
‘4 9030
+ 9040

9050
<. 9060
. 9070

9080
.,9090
{:9100
~ 9110

9120
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INPUT
INPUT

"ENTER
"ENTER
INPUT "ENTER
INPUT "ENTER
GOTO 8720

INPUT "ENTER

THE NORMAL TIME DURATIQON";D(N+I)
THE CRASH TIME DURATIQN";CD(N+I)
THE NORMAL CQOST";NNC(N+I)
THE CRASH COST";NCC(N+I)

ACTIVITY DURATION";D(N+I)

CD(N+I)=D(N+I)

IF ACTDCs<>"Y"

INPUT T"ENTER

GOTO 8720
ACTIVITY COST";NNC(N+I)

NCC(N+I)=NNC(N+I)

INPUT "ENTER
IF BS(N+I)=

IF KKs«<>ny"
INPUT

IF AAS<>"GF"
INPUT "ENTER
IF AAs<>"SS*"
INPUT "ENTER
IF AAS<>"FF"
INPUT "ENTER
INPUT "ENTER

IF Cs(N+I)="0"

IF KKs«<>"y®
INPUT

IF AAS<>"SF"
INPUT "ENTER
IF AAS<>"gSS"
INPUT "ENTER
IF AAS<>"FF"
INPUT "ENTER
INPUT "ENTER
IF DS(N+I)=

IF KKs<>"y"
INPUT

IF AAS<>"SF*"
INPUT "ENTER
IF AAS<>"gge"
INPUT "ENTER
IF AAS<>"FF"
INPUT "ENTER
INPUT
IF Pg="y"
PRINT
GOTO 8590
CLS

NEXT I
N=N+G
GOTO 7720
REM
RENM
REM

Iol
GOTO 8820
"IF THE DEPENDENCY IS NORMAL ENTER: O.

"0“
GOTO 9020
*IF THE DEPENDENCY IS NORMAL ENTER: O.

DEPENDENCY 1.
GOTO 92020

IF NONE, ENTER: O";BS(N+I)

GOTO a780

THE START-TO-FINISH TIME";BSF(N+I)

GOTO 8800

THE START-TO-START TIME";BSS(N+I)

GOTO 8a20

THE FINISH-TO-FINISH TIME";BFF(N+I)
DEPENDENCY 2. IF NONE, ENTER: O";CS(N+I)
GOTO 9020

GOTO 8920
"IF THE DEPENDENCY IS NORMAL ENTER: O.

ELSE ENTER:

GOTO 8880

THE START-TO-FINISH TIME";CSF(N+I)
GOTO &900

THE START-TO-START TIME";CSS(N+I)
GOTO 8920

THE FINISH-TO-FINISH TIME"
DEPENDENCY 3. IF NONE,
GQTO 9020

;CFF(N+I)
ENTER: O";DS(N+I)

GOTO 8380

THE START-TO-FINISH TIME";DSF(N+I)
GOTO S000

THE START-TO-START TIME" ;DSS(N+I)
GOTO 9020

THE FINISH-TO-FINISH TIME";DFF(N+I)

"IS THE DATA CORRECT? Y OR N";Ps
GOTO 9060
"RE-ENTER THE DATA"

DELETING ACTIVITIES

69

o - ". T T '~ '- T "- '.- ‘p ~ - —\"- ‘.»-> - '~- '.- '...'.- -
- a J!
s N T A

ELSE ENTER: SF, S§S,

SF,

OR FF"

ELSE ENTER: SF, SS,
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9130
9140
9150
9160
9170
9180
9190
9200
9210
9220
9230
9240
9250
9260
9270
9280
. 9290
» 9300
9310
.~ 9320
! 9330
9340
9350
9360
9370
9380
s 9390
‘ 9400
"’ 9410
9420

. 9430
<2 9440
2450

m 9460
- 9470
" 9480
. 9490
- 9500
. 9510
9520
-2 9530
s 9540
9550

. 9560
‘« 9570
9580
9590

. 9600
v 9610
9620
. 9630
- 9640
~ 9650
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INPUT "ENTER ACTIVITY CODE TO BE DELETED";JINXS$
FOR I=1 TO N

IF AS(I)=JINX$ THEN 9160 ELSE NEXT I

IF I=N GOTO 9370

FOR II=I TO N-1

AS(II)I=AS(II+1)

ADS(II)=ADS(II+1)

D(II)=D(IT+1)

CD(II)=CD(II+1)

NCC(II)=NCC(II+1)

NNC(II)=NNC(II+1)

BS(II)=BS(II+1)

CS(II)=CS(II+1)

DS(II)=DS(II+1)

BSS(II)=BSS(II+1)

CSS(II)=CSS(II+1)

DSS(II)=DSS(II+1)

BSF(II)=BSF(II+1)

CSF(II)=CSF(II+1)

DSF(II)=DSF(II+1)

BFF(II)=BFF(II+1)

CFF(II)=CFF(II+1)

DFF(II)=DFF(II+1)

NEXT II

N=N-1

INPUT "DELETE ANOTHER? Y OR N";Xs$

CLS

IF X$="N" GOTO 7750

GOTO 9130

REM

REM SUBROUTINE TO READ BACK DATA FROM A FILE
REM

CLS

OPEN "I", #1,Fs

FOR I=1 TO 4

INPUT #1, J$(I)

NEXT I

INPUT #1, N

INPUT #1, TT

INPUT #1, DIRC

INPUT #1, INDCOST

FOR I=1 TO N

INPUT #1, AS(I), ADS(I),BS(I),Cs(I),Ds(I),D(I),ES(I),EF(I),LS(I),LF(I)
INPUT #1, CP$(I),F(I),BSS(I),CSS(I),DSS(I),BSF(I),CSF(I),DSF(I)
INPUT #1, BFF(I),CFF(I),DFF(I),CD(I), NNC(I),NCC(I)
NEXT I

CLOSE #1

RETURN

REM

REM SUBROUTINE TO READ DATA INTO A FILE
REM

cLs

Fe=J8(1)

S 2 AR k% " %% s x

At _FER Y D2
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. 9660 QPEN "0O", #1,Fs
9670 FOR I=1 TO 4

' 9680 WRITE #1, Js(I)

, 9690 NEXT I
9700 WRITE #1, N
9710 WRITE #1, TT
% 9720 WRITE #1, DIRC
~ 9730 WRITE #1, INDCOST
9740 FOR I=1 TO N
7. 9750 WRITE #1, AS(I),ADS(I),Bs(I),Cs(I),D8e(I),D(I),ES(I),EF(I),LS(I),LF(I)
.~ 9760 WRITE #1, CPs(I),F(I), BSS(I),CSS(I),DSS(I),BSF(I),CSF(I),DSF(I)
9770 WRITE #1, BFF(I),CFF(I),DFF(I),CD(I)>, NNC(I), NCC(I)
9780 NEXT I
9790 CLOSE #1
= 9800 RETURN
9810 REM
9820 RENM COMPRESSION ANALYSIS CALCULATIONS
. 9830 REM
9840 YB=YB+1
9850 IF YB>1 GOTO 9940
F» 9860 CHANGE=DIRC
9870 DRC=DIRC
9880 FOR I=1 TO N
- 9890 XD(I)>=D(I)
"0+ 9900 NCT(I)=NNC(I)
9910 NEXT I
.. 9920 T1=TT
' 9930 NINDCT=INDCT
9940 XB=XB+1
~ 9950 IF XB>1 GOTO 10110
© 9960 TM=TT-1
-~ 9970 FOR I=1 TO N
9980 TCS(I)=0
g 9990 IJ(I)=0
v 10000 JI(I)=0
10010 NEXT I
10020 K=0
& 10030 FOR I=1 TOQ N
10040 IF CPs(I)<>"C" GOTO 10090
10050 IF XD(I)=CD(I) GOTO 10090
-» 10060 TCS(I)=((NCC(I)-NCT(I))/(XD(I)-CD(I)))
% 10070 TCS(I)=INT(TCS(I))
10080 K=K+1
.. 10090 NEXT I
> 10100 REM SORT BY CRASH CAPABILITY
* 10110 FOR NM=1 TO N
10120 FOR I=NM+1 TO N
-3 10130 IF TCS(I)=0 GOTO 11000
.~ 10140 IF TCS(NM)=0 GOTO 10300
10150 IF TCS(NM)>TCS(I) GOTO 10300
;- 10160 IF TCS(NM)<>TCS(I) GOTO 11000
* 10170 ER=ER+1
*°10180 IF EE(NM)<>G OR EE(I)<>0 GOTO 10230
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10190
10200
10210
10220
10230
10240
10250
“~ 10260
10270
10280
= 10290
10300

.. 10310
~- 10320
10330
10340
+. 10350
10360
10370

.- 10380
' 10390
10400
10410

. 10420
- 10430
10440
10450
10460
10470
10480

< 10490
10500
10510
10520
“» 10530
' 10540
. 10550
. 10560
“2 10570
10580
1+ 10590
10600
10610
10620
10630
10640
10650
10660
10670
10680
10690
10700
10710

I R S S Pt 2" L S

“

EE(NM)=ER

ER=ER+1

EE(I)=ER

GOTO 11000

IF EE(I)<>0 GOTO 10260
EE(I)=ER

GOTO 11000

IF EE(NM)<>0 GOTO 10290
EE(NM)=ER

GOTO 10300

IF EE(NM)<EE(I) THEN 11000 ELSE 10300
AAS=AS(I)

ADADS=ADS(I)

DD=D(I)

BB8=BsS(I)

CCa=Cs(I)

DDg=Ds(I)

CD1=CD(1I)

NNC1=NNC(I)

NCC1=NCC(1I)

XD1=XD(I)

TCS1=TCS(I)

IJ1=IJ(I)

JI1=JI(I)

CCD1=CCD(I)

BSSS=BSS(I)

CSSS=CSS(I)

DSSS=DSS(I)

BSFF=BSF(I)

CSFF=CSF!(I)

DSFF=DSF(I)

BFFF=BFF(I)

CFFF=CFF(I)

DFFF=DFF(I)

EE1=EE(I)

EE(I)=EE(NM) :EE(NM)=EEl
AS(I)=AS{NM):AS(NM)=AAS
AD2(I)=ADS(NM):ADS(NM)=ADADS
D(I)=D(NM):D(NM)=DD
Bs(I)=BS(NM):BS(NM)=BBs
Ca(I)=CS(NM):Cs(NM)=CCs

DS (I)=DS(NM):D9(NM)=DD%
CD(I)=CD(NM):CD(NM)=CD1
NNC(I)=NNC(NM) : NNC(NM)=NNC1
NCC(I)=NCC(NM):NCC(NM)=NCC1
XD(I)=XD(NM) :XD(NM)=XD1
TCS(I)=TCS(NM) : TCS(NM)=TCS1
IJ(I)=IJ(NM):IJ(NM)=1IJ1
JICI)=JI(NM):J3(NM)=JI)
CCD(I)=CCD(NM):CCD(NM)=CCD1
BSS(I)=BSS(NM):BSS(NM)=BSSS
CSS(I)=CSS(NM):CSS(NM)=CSSS
DSS(I)=DSS(NM):DSS(NM)=DSSS
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10720
10730
10740
10750
10760
. 10770
<« 10780
7 10790
10800
10810
10820
10830
10840
10850
10860
10870
.-, 10880
. 10890
10900
10910
10920
10930
10940
10950
10960

10970

10980
i 10990
"~ 11000

11010
< 11020
“. 11030

11040

11050
.; 11060

11070

11080
.+ 11090
~’ 11100

11110
. 11120
~ 11130

11140
~11150
11160
. 11170
11180
11190
N 11200

11210
~ 11220
l.411230

s

Ly

[ 4

L

=
D

A

-7
vt

I

BSF(I)=BSF(NM) : BSF(NM) =BSFF
CSF(I)=CSF(NM) :CSF(NM)=CSFF
DSF(I)=DSF(NN) :DSF(NM)=DSFF
BFF(I)=BFF(NM):BFF(NM)=BFFF
CFF(I)=CFF(NM):CFF(NM)=CFFF
DFF(I)=DFF(NM):DFF (NM)=DFFF
ESES=ES(I)

EFEF=EF(I)

LSLS=LS (1)

LFLF=LF(I)

CPCP8=CPs(I)

FF=F(I)

ES(I)=ES(NM) :ES(NM)=ESES
EF(I)=EF(NM):EF (NM)=EFEF
LS(I)=LS(NM):LS(NM)=LSLS
LF(I)=LF(NM):LF(NM)=LFLF
CP&(I)=CPsS(NM):CPS(NM)=CPCP%
F(I)=F(NM):F(NM)=FF
NCT1=NCT(I)

NPT1=NPT(I)

DPT1=DPT(I)

HH1=HH(I)

JKL1=JKL(I)

NCT(I)=NCT(NM) :NCT(NM)=NCT1
NPT(I)=NPT(NM) :NPT(NM)=NPT1
DPT(I)=DPT(NM) :DPT(NM)=DPT1
HH(I)=HH(NM) :HH(NM)=HH1
JKL(I)=JKL(NM):JKL(NM)=JKL1
NEXT I

NEXT NM

REM

RENM COMPRESSION ANALYSIS CALCULATIONS CONTINUED
REM

IF XL=1 GOTO 12710

IF ZL=1 GOTO 12640

IF SV>0 GOTO 12540

IF PD=1 GOTO 12480

IF RM=1 GOTO 12040

IF GB=1 GOTO 11970

IF vS>0 GOTO 11870

IF ED=1 GOTO 11810

IF XK=1 GQTO 11430

IF YK=1 GOTO 11360

IF XB=1 GOTO 11180

IF TT=TM THEN 11250

IF XB>1 GOTO 11230

FOR IT=1 TO K

IF D(IT)=CD(IT) THEN CCD(IT)=1
IF D(IT)>CD(IT) THEN D(IT)=D(IT)-1 ELSE 11230
NNC(IT)=NNC(IT)+TCS(IT)
GOTO 1170

NEXT IT
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11240 GOTO 13160

11250 IJ(IT)Y=IT

11260 PI=IT

11270 HML=1

11280 IF PI=1 GOTQO 11520
11290 FOR J=1 TO PI-1

%Y 11300 IF ccb(J)=1 GOTO 11330
-~ 11310 D(J)=D(J)+1
11320 NNC(J)=NNC(J)-TCS(J)
7> 11330 NEXT J
o 11340 YK=1
11350 GOTO 1170
. 11360 IF TT=TM GOTO 11520
». 11370 FOR JQ=1 TO PI-1
& 11380 IF CCD(JQ@)=1 GOTO 11510

11390 D(J@)=D(JQ)-1
11400 NNC(JQ)=NNC(JQ)+TCS(JQ)
11410 XK=1
11420 GOTO 1170
.- 11430 IF TT=TM THEN PI=JQ@ ELSE 11490
t.1144o XK=0
- 11450 HML=0
11460 IJ(JQ)=JO
A 11470 IF PI=1 GOTO 11520
> 11480 GOTO 11290
11490 IF HML=0 GOTO 11510
i 11500 QJJ=JQ+1

"y

e
{
(]

11510 NEXT Ja@

11520 STOTAL=0

11530 FOR QI=1 TQ K '
' 11540 STOTAL=STOTAL+TCS(IJ(GI))
-»* 11550 NEXT QI

11560 YV=0
= 11570 CZ=0 -
‘#.11580 IF IT=<3 GOTO 11650 -
»

11590 IF QJJ=0 GOTO 11650 :?
11600 FOR TCM=@JJ+1 TO IT-1 o
3‘11610 IF TCS(TCM)+TCS(IT)=>STOTAL GOTO 11640 fj
~ 11620 YV=YV+) =
11630 NEXT TCHM .

.- 11640 CZ=@JJ+YV
7 11650 FOR JL=1 TO K

11660 IF IJ(JL)=0 GOTO 11690 o
. 11670 D(JL)=D(JL) +1 R
%} 11680 NNC(JL)=NNC(JL)-TCS(JL) , s
\. 11690 NEXT JL g
11700 IF YV=0 GOTG 12340
-+, 11710 ED=1

.

..

PARNE
A

<7 11720 JKL(IT)=IT

"7 11730 D(IT)»=D(IT)-1

11740 NNC(IT)=NNC(IT)+TCS(IT)
11750 FOR SCN=@QJJ+1 TO C2

.,
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IF D(SCN)=CD(SCN) THEN CCD(SCN)=1
11770 IF D(SCN)>CD(SCN) THEN D(SCN)=D(SCN)-1 ELSE 12300
NNC (SCN)=NNC(SCN) +TCS(SCN)
JKL(SCN)=SCN
11800 GOTO 1170
11810 IF TT=TM GOTO 12100
11820 VS=VS+1
IF CCD(VS)=1 GOTO 11820
11840 D(VS)=D(VS)-1
NNC(VS)=NNC(VS)+TCS(VS)
GOTO 1170
11870 IF TT=TM GOTO 11880 ELSE 11820
11880 JKL(VS)=VS
11890 IF VS=1 GOTO 12100
FOR MP=1 TO VS-1
11910 IF CCD(MP)=1 GQOTQ 11940
“. 11920 D(MP)=D(MP)+1
~* 11930 NNC(MP)=NNC(MP)-TCS(MP)
11940 NEXT MP
11950 GR=1
“. 11960 GOTO 1170
l 11970 IF TT=TM GOTO 12100
11980 FOR MP=1 TO VS-1
-~ 11990 IF CCD(MP)=1 GOTO 12080
~° 12000 D(MP)=D(MP)-1
12010 NNC(MP)=NNC(MP)+TCS(MP)
12020 RM=1
. 12030 GOTO 1170
12040 IF TT=TM THEN VS=MP ELSE 12090
12050 RM=0
12060 JKL(MP)=MP
IF VS=1 GOTO 12100
12080 GOTO 11900
@ 12090 NEXT MP
~. 12100 PTOTAL=0
'" 12110 FOR QI=1 TO K
12120 PTOTAL=PTQTAL+TCS(JKL(QI))
=} 12130 NEXT QI
« 12140 IF STOTAL<=PTOTAL GOTO 12190
12150 FOR QI=1 TO K
.+ 12160 IJ(QI)=JKL(QI)
. 12170 NEXT QI
12180 STOTAL=PTOTAL
12190 FOR QI=1 TO C2
' 12200 IF JKL(QI)=0 GOTO 12230
. 12210 D(QI)=D(QI)+1
12220 NNC(QI)=NNC(QI)-TCS(QI)
.- 12230 NEXT QI
-; 12240 FOR QI=1 TO C2
" 12250 JKL(QI)=0
. 12260 NEXT QI
E 12270 PTOTAL=0
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12280 Vs=0
12290 GB=0
12300 NEXT SCN
12310 JKL(IT)=0
12320 D(IT)=D(IT)+1
12330 NNC(IT)=NNC(IT)-TCS(IT)
' 12340 Q@JJ=0
' 12350 PD=1
12360 IC=0
7+ 12370 FOR TI=IT+1 TO K
- 12380 IF TCS(TI)=>STOTAL GOTO 12410
12390 IC=IC+1
12400 NEXT TI
12410 PI=IT+IC
12420 FOR MB=IT+1 TO PI
12430 IF D(MB)=CD(MB) THEN CCD(MB)=1
12440 IF D(MB)>CD(MB) THEN D(MB)=D(MB)-1 ELSE 12970
12450 NNC(MB)=NNC(MB)+TCS(MB)
12460 JI(MB)=MB
12470 GOTO 1170
12480 IF TT=TM GOTO 12770
12490 SV=SV+1
12500 IF CCD(SV)=1 GOTO 12490
~+ 12510 D(SV)=D(SV)-1
- 12520 NNC(SV)=NNC(SV)+TCS(SV)
12530 GOTO 1170
12540 IF TT=TM GOTO 12550 ELSE 12490
. 12550 JI(SV)=8V
* 12560 IF SV=1 GOTO 12770
12570 FOR JJ=1 TO Sv-1
& 12580 IF CCD(JJ)=1 GOTO 12610
% 12590 D(JJ)=D(JJ)+1
12600 NNC(JJ)=NNC(JJ)-TCS(JJ)
e 12610 NEXT JJ
- 12620 2L=1
12630 GOTO 1170
12640 IF TT=TM GOTO 12770
~. 12650 FOR JJ=1 TO SV-1
> 12660 IF CCD(JJ)=1 GOTQ 12760
12670 D(JII)=D(JI)~-1
12680 NNC(JJ)=NNC(JJ)+TCS(JJ3)
~ 12690 XL=1
© 12700 GOTO 1170
.. 12710 IF TT=TM THEN SV=JJ ELSE 12760
v 12720 XL=0
L 12730 JI(33)=JJ

‘4B

£

v v
oy

W

4

12740 IF SV=1 GOTO 12770 »f
.- 12750 GOTO 12570 ‘ Y,
*» 12760 NEXT JJ )
© 12770 HTOTAL=0 ~?
. 12780 FOR QI=1 TO K o\
E 12790 HTOTAL=HTOTAL+TCS(JI(QI))




12800
12810
12820
12830
12840
12850
12860
12870
12880
12890
12900
12910
12920
12930
12940
12950
12960
12970
12980
12990
13000
13010
13020

- 13030
> 13040

13050
13060
13070
13080
13090
13100
13110
13120
13130
13140
13150
13160
13170
13180
13190
13200
13210
13220
13230
13240
13250
13260

.- 13270
~. 13280

13290
13300
13310

NEXT QI

IF STOTAL<=HTOTAL GOTQO 12860
FOR QI=1 TO K

IJRIN=JI(QI)

NEXT QI

STOTAL=HTOTAL

FOR QI=1 TO K

IF JI(QI)=0 GOTO 12900
D(QIN=D(QI)+1
NNC(QI)=NNC(QI)-TCS(QI)

NEXT QI

FOR QI=1 TO K

JI(QI)=0

NEXT QI

HTOTAL=0

8Sv=0

ZL=0

NEXT MB

FOR QI=1 TO K

IF 1J(QI>=0 GOTO 13020
D(QI)=D(QI)-1
NNC(QI)=NNC(QI)+TCS(QI)

NEXT QI

SP=SP+1

SPP=SPP+SP

GOTO 1170

PD=0

ED=0

YK=0

XK=0

VP=0

SP=0

XB=0

GOTO 9940

REM

REM FINISHING ITERATIONS AND PRINTING OF GRAPHS AT THE CRASH POINT
REM

IF WAWS<>"Y" GOTO 13220
DEVICES="LPT1:":WIDTH "LPT1:", 80
OPEN DEVICES FOR OUTPUT AS #1
PRINT #1, CHRS(12)

CLOSE #1

PRINT " "

IF WAWsS="Y" GOTO 13390

INPUT "DO YOU WISH TO GET A HARD COPY OF THIS TABLE (Y OR N)";WAWS
CLSs

SPP=0

IF WAWS<>"Y" GOTO 13450
PRINT "THE QUTPUT IS GOING TO THE PRINTER / IT MAY BE SLOW"
FOR I=1 TO N

D(I)=XD(I)

NNC(I)=NCTI(I)
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13320 CCD(I)=0

13330 NEXT 1

13340 DIRC=DRC

13350 CHANGE=DRC

13360 TQTCOST=0

13370 XB=0

13380 GOTO 1170

13390 CLS

13400 INPUT "DO YOU WISH TO GET ANOTHER HARD COPY OF THE TABLE (Y OR N)";GGs
13410 CLS

13420 IF GGe<>"Y" GOTO 13450

13430 SPP=0

13440 GOTO 13280

13450 GH=1

13460 FOR II=1 TO K

13470 IF CCD(II)=1 GOTO 13500

13480 D(IX)=D(II)~+1l

13490 NNC(II)=NNC(II)-TCS(II)

143500 NEXT II

13510 GOTO 1170

13520 REM

13530 REM TABLE OF COMPRESSION ITERATIONS
13540 REM

13550 IF WAWS="Y" GOTO 13580

13560 DEVICES="SCRN:":WIDTH "SCRN:", 80
13570 GOTO 13590

13580 DEVICES="LPT1:":WIDTH "LPT1l:", &80
13530 JPEN DEVICES FOR OUTPUT AS #1
13600 IF SPP>1 GQTO 13730

13610 PRINT #1, TAB(28); "COMPRESSION COST ITERATIONS"
13620 PRINT #1, ™ "

» 13630 PRINT #1, * "

13640 PRINT #1, TAB(3);"NORMAL PROJECT DURATION:";T1;TAB(43);"NORMAL PROJECT DIR
ECT COST: s";DRC

13650 IF ICDs<>"Y" GOATO 13670

13660 PRINT #1, TAB(3);"NORMAL PROJECT INDIRECT CQOST: €";NINDCT;TAB(43); "NORMAL
PROJECT TOTAL COST: S$";DRC+NINDCT

13670 PRINT #1, " "

13680 PRINT #1, " "

13690 IF ICDs<>"Y" GOTO 13760

13700 PRINT #1, TAB(3);"COMPRESSED";TAB(16);"INCREASED";TAB(30); "PROJECT";TAB(44
) ; "PROJECT"; TAB(S57) ; "PROJECT"; TAB(70) ; "PROJECT"

13710 PRINT #1, TAB(3);"ACTIVITY(S)";TAB(16);"DIRECT COSTS";TAB(30);"DIRECT COST
S";TAB(44); "INDIRECT CT";TAB(37);"TOTAL COST";TAB(70); "DURATION"
13720 PRINT #1i, TAB(3);"---~----=-- " TAB(16) ;" —--~--~=m=-—-~ ";TAB(30);"
-*:;TAB(44);"--~-----~-~- " TAB(S7);"-----o-=—- ", TAB(70) ;% -------- "
13730 IF ICDs<>"Y" GOTO 13790

13740 PRINT #1, TAB(S)

. 13750 GOTO 13800

13760 PRINT #1i, TAB(10);"COMPRESSED";TAB(27); "INCREASED";TAB(43); "PROJECT"; TAB(S
8); "PROJECT"

13770 PRINT #1, TAB(10);"ACTIVITY(S)";TAB(26);"DIRECT CQOSTS":TAB(42);"DIRECT COS
TS"; TAB(58); "DURATION"
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13780

PRINT #1, TAB(10);"----------- ";TAB(26) ;" -=-mmmmmmm e

--";TAB(S8);"~---~--- "

13790
13800
13810
13820
13830
13840
13850
13860
13870
13880
13890
13900
13910
13920
13930
13940
13950
13960
13970
13940
13990
14000
TT

14010
14020
14030
14040
14050
14060
14070
14080
14090
14100
14110
14120
14130
14140
14150

. 14160

o« " PR
e O AR AN KA s o

14170
14180
14190
14200
14210
14220
14230
14240
14250
14260
14270

PRINT #1, TAB(12);
FOR I=1 TO N

HH(I)=0

NEXT I

FOR I=1 TO N

IF IJ(I)=0 GOTO 13890
PRINT #1, As$(I);
HH(I)=1

VBS=AS(I)

GOTO 13900

NEXT I

FOR I=1 TO N

IF IJ(I)=0 GOTO 13960
IF AsS(I)=VB$ GOTO 13960
PRINT #1, ", ";AS(I);
VBS=AS(I)

HH(I)=1

NEXT I
OLDCOST=TOTCOST
TOTCGST=DIRC+INDCT

IF ICDS<>"Y" GOTO 14140

PRINT #1, TAB(19);INCR;TAB(BZ);DIRC;TAB(465;INDCT;TAB(SG);TOTCOST;TAB(71);

IF OLDCOST=0 GOTO 14130

IF TOQTCOST<«<=0LDCOST GOTO 14130
IF TOPT=1 GOTO 14130

FOR I=1 TO N

IF HH(I)=0 GOTO 14090
DPT(I)=D(I)+1
NPT(I)=NNC(I)-TCS(I)

GOTO 14110

DPT(I)=D(I)

NPT(I)=NNC(I)

NEXT I

TOPT=1

GOTO 14150

PRINT #1, TAB(29);INCR;TAB(43);DIRC;TAB(&O);TT
CLOSE #1

GOTQ 13060

REM

REM RECALCULATE FOR THE OPTIMUM PROJECT DURATION
REM

CLS

IF ICD$<>"Y" GOTO 14340

IF TOPT=1 GOTO 14260

OPTCOST=1

GH=0

GOTO 5470

OPTCOST=1

GH=0
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14280
14290
14300
14310
14320
14330
14340

FOR I=1 TO N
D(I)=DPT(I)
NNC(I)=NPT(I)
NEXT I

CLS

GOTO 1170
END
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APPENDIX B
SAMPLE REPQORTS PRODUCED BY CRASH
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x THE FOLLOWING DATA IS RECORDED ON THE PROJECT:
R
e
PROJECT NAME: ECI 5147 HOMEWORK
. SCHEDULED BY: MARK A RONCOLI
o DATE ESTIMATED: 17 NOV 86
e
s ACT. DURATION ACT. COST
: N CODE  ACTIVITY DESCRIPTION NORM/CRASH  NORM/CRASH DEPENDENCIES
N A 6.0/ 4.0 650/ 700 -
R c 6.0/ 5.0 730/ 755 -
D 4.0/ 3.0 180/ 225 -
E 5.0/ 2.0 485/ 590 D
i B 4.0/ 3.0 260/ 305 - A
oA F 3.0/ 1.0 300/ 340 C,E
G 8.0/ 6.0 540/ 600 B, F
H 3,0/ 2.0 190/ 230 F
‘ 1 5.0/ 3.0 385/ 455 F
- J 6.0/ 4.0 620/ 680 I
K 7.0/ 5.0 S10/ S50 H, I
o N 6.0/ 4.0 800/ 890 G
o L 2.0/ 1.0 170/ 280 J
N 3.0/ 2.0 100/ 135S K, L
-
- PROJECT INDIRECT COST= & 95 PER DAY
<
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- NORMAL COMPLETION TIME
:" CPM SCHEDULING
PROJECT: ECI 5147 HOMEWORK
o TIME SCALE: DAYS
\-“
L J
" ACT. ACTIVITY ACT. EARLY EARLY LATEST LATEST TOTAL
,. CODE DESCRIPTION DUR. START FINISH START FINISH FLOAT
RS e ee e e —————— e emwmEm | eemeem-me  eeeceme memmeme =
A 6.0 0.0 6.0 4.0 10.0 4.0
N (4 6.0 0.0 6.0 3.0 9.0 3.0
: D 4.0 0.0 4.0 0.0 4.0 0.0
E 3.0 4.0 9.0 4.0 9.0 0.0
- B 4.0 6.0 10.0 10.0 14.0 4.0
w; F 3.0 9.0 12.0 9.0 12.0 0.0
t G 8.0 12.0 20.0 14.0 22.0 2.0
H 3.0 12.0 15.0 15.0 18.0 3.0
.‘ I 5.0 12.0 17.0 12.0 17.0 0.0
J 6.0 17.0 23.0 17.0 23.0 a.0
K 7.0 17.0 24.0 18.0 25.0 1.0
- N 6.0 20.0 26.0 22.0 28.0 2.0
:_ L 2.0 23.0 25.0 23.0 25.0 0.0
V. M 3.0 25.0 28.0 25.0 28.0 0.0
__.. PROJECT DURATIQN: 28
. PROJECT DIRECT COST: $ 5920
. PROJECT INDIRECT COST: 8 2660
) PROJECT TAOTAL CQOST: & 8580
'.:;'
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NORMAL COMPLETION TIME

BAR (GANNT) CHART

PROJECT: ECI 5147 HOMEWORK

TIME SCALE:

ACT. ACTIVITY
CODE DESCRIPTION o

—+ O =

—+ ON

DAYS

+ 0w

+oa

T Q0 m w m U O

-

M

'DENOTES CRITICAL ACTIVITY
DENOTES NON-CRITICAL ACTIVITY
:DENOTES FLOAT TIME
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K
COMPRESSION COST ITERATIONS
~
h NORMAL PROJECT DURATION: 28 NORMAL PROJECT DIRECT COST: $ 5920
. NORMAL PROJECT INDIRECT COST: 8 2660 NORMAL PROJECT TOTAL COST: S 8580
<
COMPRESSED INCREASED PROJECT PROJECT PROJECT PROJECT
' ACTIVITY(S) DIRECT COSTS DIRECT COSTS INDIRECT CT TOTAL COST DURATION
K TmmSSsSsssss sossmoessoS-- SSSsSSososss mSSSossmsoos S-smo---es mes-o---
F 20 5940 2565 8505 27
o F 20 5960 2470 8430 26
f.’z J 30 5990 2375 8365 25
E as 60725 2280 a30s 24
AE 60 6085 2185 8270 23 -
v A E 60 6145 2090 8235 22 .
. 1,G 65 6210 1995 8205 21 <
1,6 65 6275 1900 817s 20 D!
B, M 80 6355 1805 8160 19 .~
. J, K, N as 6450 1710 8160 18
o c,D, N 115 6565 1615 a180 17 <
2
ro A
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CRASHED COMPLETION TIME
= CPM SCHEDULING
I '.‘n
N
- PROJECT: ECI S147 HOMEWORK
TIME SCALE: DAYS
ACT. ACTIVITY ACT. EARLY EARLY LATEST LATEST TOTAL
- CODE DESCRIPTION DUR. START FINISH START FINISH FLOAT CF
- c 5.0 0.0 5.0 0.0 5.0 0.0 C
. D 3.0 0.0 3.0 0.0 3.0 0.0 C
e A 4.0 0.0 4.0 0.0 4.0 0.0 C
| E 2.0 3.0 5.0 3.0 5.0 0.0 C
B 3.0 4.0 7.0 4.0 7.0 0.0 C
F 1.0 5.0 6.0 5.0 6.0 0.0 C
H 3.0 6.0 9.0 6.0 9.0 0.0 C
I 3.0 6.0 9.0 6.0 9.0 0.0 C
G 6.0 7.0 13.0 7.0 13.0 0.0 C
|| J 4.0 Q.0 13.0 9.0 13.0 0.0 ¢
hey K 6.0 9.0 15.0 9.0 15.0 0.0 C
L 2.0 13.0 15.0 13.0 15.0 0.0 C
L N 4.0 13.0 17.0 13.0 17.0 0.0 C
~ M 2.0 15.0 17.0 15.0 17.0 0.0 ¢
py
- PROJECT DURATION: 17 !
K PROJECT DIRECT CQOST: 8 6565 13
PROJECT INDIRECT COST: 8 1615 :3
« Y
PROJECT TQTAL COST: 8 8180
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CRASHED COMPLETION TIME
BAR (GANNT) CHART

ACT. ACTIVITY
CODE DESCRIPTION o

PRQJECT: ECI 5147 HOMEWORK
TIME SCALE: DAYS

N

M

JOENOTES CRITICAL ACTIVITY
DENOTES NON-CRITICAL ACTIVITY
/DENOTES FLOAT TIME
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OPTIMUM COST COMPLETION TIME
CPM SCHEDULING
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ACTIVITY
DESCRIPTION
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PROJECT DURATION:

.
TR
o

PROJECT DIRECT COST: $ 6450

-

PROJECT INDIRECT COST: & 1710

“e %

|0

ra

PROJECT TOTAL COST: 8 8160
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PROJECT: ECI 5147 HOMEWQORK
TIME SCALE: DAYS
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OPTIMUM COST COMPLETION TIME

e BAR (GANNT) CHART i,
‘.. ‘.'J
“ \
PROJECT: ECI 5147 HOMEWORK 5o
" TIME SCALE: DAYS 7
e
) ACT.  ACTIVITY 1 1 2 2 Fy
- CODE DESCRIPTION O s 0 S 0 s -
~ i i t T T o
C _‘_
» Lak
L D -
o A <
re _.:~
. 4
_ -
. B 3
F RS
o RS
v H E i~
o I i
. G o5
o . Y B
. “v %
K RN S
% N R i
b L X
¥
- H -
g JPENOTES CRITICAL ACTIVITY S
n :DENOTES NON-CRITICAL ACTIVITY <
DENQTES FLOAT TIME e
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